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FOREIIORD

The  f i na l  eng inee r ing  sunmary  rePor_ t  t ha t  f o l l ows  re f l ec t s  an

approach  ug r " "d  upo . , -by  DOE- -ORO 
-and  

the  P ro jec t  Managemen t

Con t rac to r ,  Bech ta l  na l i ona l ,  I nc .  (BN I ) .  The  rePo r t  i s  based  on

in i ogna t i on  p repa red  by  Fo rd ,  Bacon  and  Dav i s  U tah ,  I nc .  and

p ie f  im ina ry  6 r , g i r , . " r i ng  pe r f o rmed  by  BN I .  I t  i s  no t  i n t ended  t ha t

; ; ; ; t  po " i iU f "  remed ia l  Lc t i on  op t i -on  be  deve loped  i n  de ta i l  i n  t ' h i s

sunmary  rePor t .

i den t i fY  t he  oP t i ons  t ha t  a re
; )  summarY .  Th i s  comPar i son  and
:he  summalY  rePor t  we re  P rePared  to
r I  ac t i on  to  be  imP lemen ted  a t  t he
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INTRODUCTION AND SUI'IMARY

unde r  t he  Fo rmer l y  U t i l i zed  s i t es  Remec l i a l  Ac t i on  P rog ram (FUSRAP)  '

t he  U .S .  Depa r tme i t  o f  Ene rgy  (Do9 )  h? :  p roposed - to  ca r r y  ou t

remed ia l  ac t i ons  a t  t he  a " i67p , i "b1 ; - s i t e  i n  Los  A Iamos  CounLy '  New

Mex i co .  DOE has  de te rm ined  t nu t  r ad ionuc l i des  p resen t  a t  t he  s i t e

exceed  DOErs  P roposed  " f " " i - up -c t i i . r i a  
i n  t he  a reas  o f  t he  f o rmer

un t rea ted  was le  e f f l uen t  ou t f ; I l  and  t he  f o rmer  veh i c l e

decon tam ina t i on  f ac i l i tY '

l r ed  to  documen t  t he  oP t ions

in fo rma t i on  f r om the  Env i r onmen ta l  Ana l ys i s . g f - . } : i d lPueb lo  Canyon ' ,

; ; ; ; ; ; Ja  uy  Los  A lamos  Na t iona l  Labora to rv  (LANL)  t r '  '

CLEAN-UP CRITERIA AND SITE CONTAMINATION

The  c l ean -uP  c r i t e r i a  t ha t  aPP iy  a t  t he  Ac id /Pueb lo  s i t e  a re :

Rad  ionuc  I  i de

Pu -  239
Pu-  24  0
Pu -  241
A"ll- 2 4t
S r -9  0
Cs  -  137

so i I l,iry!!--lggjlg-L

r00
I 00
800

20
r00

80

In  a  su rvey  o f  t he  Ac id /Pueb lo  s i t e  conduc ted  by  l ex r ' ( l ) ,

con tam ina t i on  was  f ound  i n - l n .  a reas  o f  t he  f o rmer  un t rea ted  was te

e f f l uen t  ou t ra i i  and  t he  f o ime r  veh i c l e  decon tam ina t i on  f ac i r i t y '

So i l  samp les  t aken  a t  spec i? i q  l oca t i ons  we re  f ound  t o  exceed  t he

c r i t e r i a  f o r  i " * . a i " r  a i t i on (2 )  '

The re  a re  two  sma l - I  a reas  i n  Ac id  canyon ,  be low  the  canyon  r im  i n  an

a rea  o f  l im i red  access ,  t h ; [  ; ; ; r ?1 "h .o r  exceed  t he  remed ia l  ac t i on

c r i t e r i a  f o r  Pu -239 ,  i . e ' r - i oo "Vg i t s -  i n , so i l '  The  con tam inan t  i s

abso rbed  i n to  i he  tu f f  t o  
" - i . p [n - ' o i  

a  f ew  cen t ime te rs  a rong  the

f l owpa th  o f  t he  f o rmer  un t rea t l d  was te  e f f l uen t  ou t f a l l '  Leav ing

the  mare r i a r  i n  p race  
" "d ; ; ; i i l " g . r he  

wo rs t  case  assump t i on  o f  one

fu I I  yea r  o f  exposu re  t o  u . , - i t h i u i aua t  wou ld  resu l t  i n  a  who le  body

dose  commi tmen t  equa l  t o  Z - -p . i cen t  o f  ! h "  
na tu ra l  backg round

i i o i u t i on  exposu re  f o r  t he  Los  e l amos  a rea '

I



t r l i g ra t i on  o f  t he  Pu-239  l oca ted  be low  the  canyon  r im  by  s t ream f l ow

co l t a  even tua l l y  r esu l t  i n  a  l ess  t han  25  pe rcen t  ne t  i nc rease  i n
i n "  ex i s t i ng  p l i t on ium i nven to r y  i n  l owe r  Pueb lo  Canyon .  Th i s
i nc rease  i s -w i t h i n  t he  s ta t i s t i ca l  unce r ta i n t y  o f  t he  es t ima te  o f

the  p resen t  i nven to ry  i n  l ower  Pueb lo  Canyon .  Leav ing  the .p lu ton ium
ne lo -w  t ne  r im  t o  m ig i a te  anc l  accumu la te  w i t h  t he  ex i s t i ng  i nven to r y
i n  l owe r  Pueb lo  Canyon  shou ld  no t  a f f ec t  t he  l a te r  se lec t i on  o f

remed ia l  ac t i on  f o r  l owe r  Pueb lo  Canyon .  The re fo re r  r emova l  o f  t he
con tam ina ted  t u f f  be low  the  r im  i n  Ac id  Canyon  i s  no t  j us t i f i ab l e
cons ide r i ng  e i t he r  l ow  ca l cu la ted  hea l t h  e f t ec t s  o r  con tam ina t i on  o f

lower  Pueblo Canyon.

REI"IEDIAL ACTION OPTIONS

The  th ree  remed ia l  ac t i on  op t i ons  be ing  cons ide red  fo r  t he
Ac id , /Pueb lo  Canyon  s i t e  a re :

o  No  ac t i on  l eav ing  the  p roPer t y  unchanged  and  i ncu r r i ng  no
exPenses .

o  M in ima l  ac t i on  -  p rov io i ng  f o r  gove rnmen t  ( f ede ra l  o r  coun t y )
owne rsh ip  o r  con t ro l  o f  t he  con tam ina ted  s i t e .  The  pe r ime te r

o f  t he  I - ac re  s i t e  wou ld  be  f enced  t o  r es t r i c t  acc€ss .  The
fenced  a rea  wou ld  i nc l ude  t he  f o rmer  un t rea ted  was te  e f f l uen t
ou t f a l l  and  t he  f o rmer  veh i cLe  decon tam ina t i on  f ac i l i t y
a rea .  Su rve i l l ance  wou ld  i nvo l ve  a  v i sua l  i nspec t i on  o f  t he
s i t e  t o  de te rm ine  t he  cono i t i on  o f  t he  f ence  and  t o  de tec t
any  i n t r us i on  i n to  t he  con tam ina ted  a rea .

o  Decon tam ina t i on  and  d i sposa l  -  r ees tab l i sh i ng  t he  I oca t i ons
o f  t he  two  gene ra l  a reas  requ i r i ng  decon tam ina t i on  us ing
coo rd inaLes  f r om P rev ious  LANL  su rveys .  A  sec t i on  o f  t he
cha in - l - i nk  f ence  enc los i ng  t he  s i t e  wou ld  be  removed  t o  a l l ow
access  t o  t he  a reas  requ i r i ng  remed ia l  ac t i on .  The  f ence
wou ld  be  rep laced  when  t he  ac t i on  i s  comp le ted ,  i f  t he  coun ty
requ i res  i t .  A  ba r r i e r  wou ld  be  p l aced  nea r  t he  canyon  r Im
to  p reven t  l oss  o f  excava ted  ma te r i a l .

removed  to  a  deP th  o f  f rom 12
requ i red  t o  mee t  c r i t e r i a
measu remen ts  t aken  be fo re  ano

Nor th  o f  t he  f o rmer  un t rea ted  was te  e f f l uen t  ou t f a l l
(A rea  I )  ,  as  shown  i n  F igu re  1 ,  an  a rea  o f  abou t  32  f t  by
, i g  f t  ( 10  m  by  15  m)  may  requ i re  decon tam ina t i on .  A rea  l  i s
s l oped  and  may  requ i re  ch ipp ing  w i t h  j ack  hammers .  Sou th  o f
t he  ou t f a l l ,  I r  a i ea  (A rea  2 )  o f  abou t  32  f t  by  48  f t  ( I 0  m
by  15  m)  may  requ i re  decon tam ina t i on .  A t  t he  s i t e  o f  t he
fo rmer  veh i c l e  decon t . am ina t i on  f ac i l i t y  (A rea  3 )  ,  an  a rea  o f

abou t  48  f t  by  80  f t  ( I 5  m  by  25  m)  may  requ i re
decon tam ina t i bn .  I v l easu remen ts  pe r f  o rmed  du r  i ng  excava t i on
cou ld  show  tha t  deepe r  excava t i on  i s  r equ i red  a l ong  t he

So i l  and  rock  ( t u f f )  wou ld  be
to  18  i n .  ( 30  t o  46  cm)  o r  as
l eve l s  as  de te rm ined  bY  f i e l d
du r i ng  excava t i on .
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immed ia te  f l ow  pa th  be low  t i r e  f o rmer  un t rea ted  was te
e f f l uen t  ou t f a l l  due  t o  deepe r  Pene t ra t i on  o f  t he
e f f l uen t  i n t o  t he  t u f f  r ock .  The  t o ta l  vo l ume  o f  r ock
and  so i l  t o  Qe  removgd  i s  p re l im ina r i l y  es t ima ted  t o  be

abou t  300  yd3  (230  mJ ) .  As  s ta t . ed  P rev ious l y ,  f  i e l d
measuremen ts  taken  be fo re  and  du r ing  excava t i on  cou ld
s i qn i f i can t l y  r educe  t he  vo lume  o f  ma te r i a l  r equ i r i ng
ex6ava t i on .  

- I n  
pa r t i cu l a r ,  f i e l d  measu remen ts  w i l l

de te rm ine  whe the i  i t  i s  cos t  e f f ec t i ve  t o  c l ean  ho t
spo ts  l oca ted  i n  A rea  3  under  the  ALARA (As  Low As
Reasonab l y  Ach ievab le )  p r i nc i p l e .

Hea l t h  phys i cs  cove rage  wou ld  be  p rov ided  du r i ng  t he
cou rse  o f - t he  remed ia l  ac t i on .  Dus t  and  con tam ina ted
wa te r  con t ro l  wou ld  be  p rov ided  as  requ i red .  The
excava ted  ma te r i a l  wou ld  be  l 0aded  on  t r ucks  and
t ranspo r ted  t o  TA-54 ,  t he  rad ioac t i ve  so l i d  was te
d i sposa l  f ac i l i t y  a t  LANL .  The  con tam ina ted  so i l  wou ld
be  hand led  acco rd ing  t o  s tanda rd  d i sposa l  p rocedu res .
The  excava ted  and  d i s rup ted  a reas  o f  t he  s i t e  wou ld  be
a l l owed  t o  s tab i l i ze  and  revege ta te  na tu ra l l y ' '

COST/BENEF I T SUI"LUARY

Tab le  I  i s  a  cos t , / bene f i t  summary  f o r  t i r e  r emed ia l  ac t i on  op t i ons
tha t  v re re  cons ide red  f o r  t he  Ac id /Pueb lo  s i t e .  The  cos t s  shown  fo r
t he  op t i ons  a re  p re l im ina ry  Bech te l  es t ima tes .

Decon tam ina t i on  o f  t he  s i t e  and  d i sposa l  o f  t he  was te  i s  a  Pe rmanen t
so lu t i on  t o  t he  con tam ina t i on  p rob lem.  The  s i t e  wouLd  be  ava i l ab le
fo r  un res t r i c t ed  use ,  and  no  su rve i l l ance  o r  mon i t o r i ng  wou ld  be

requ i red .  Decon tam ina t i on  and  d i sposa l  cos t s  cou ld  be  reduced  f r om

$gSrsOO to  $42 rOOO i f  t he  f o rmer  ven i c l e  decon tam ina t i on  f ac i l i t y

does  no t  r equ i re  r emed ia l  ac t i on .

M in ima l  ac t i on ,  wh i ch  wou ld  i nvo l ve  f enc ing  o f  abou t  I  ac re '  wou ld

resu l t  i n  essen t i a l l y  no  env i r onmen ta l  imPac ts .  Long - l i ved
rad ionuc l i des  cou ld  l n i g ra te ,  howeve r r  dnd  t he  f ence  wou ld  have  t o  be

i "pu i r ed  and  rep laced  i eve ra l  t imes .  M in ima l  ac t i on  wou ld  requ i re
annua l  mon i t o r i ng  and  qua r te r l y  su rve i l l ance .

The  no -ac t i on  op t i on  l eaves  t he  p rope r t y  unchanged ,  bu t  t he
po ten t i a l  f o r  exposu re  t o  con tam ina t i on  i n  concen t ra t i ons  above

i I " . n -up  c r i t e r i l  and  sp read  o f  con tam ina t i on  s t i I l  ex i s t s .

ENVIRONI.IENTAL CONSI DERATIONS

An  env i r onmen ta l  ana l ys i s (1 )
de te rm ined  t ha t  essen t i a l lY
w i t h  e i t he r  t he  no -ac t i on  o r
impac t s  assoc ia ted  w i t h  t he

per f  o rmer l  f  o r  t he  Ac  i d rzPueo lo  s i t e
no  env i r onmen ta l  impac t s  a re  assoc ia ted

m in ima l  ac t i on  a l t e rna t i ves .  Tne
c lean -up  a l t e rna t i ve  a re  i ns i gn i f i can t .
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SITE HISTORY

The  Un i t ed  S ta tes  Gove rnmen t  has  i ns t i t u t ed  a  P rog ram en t i t l ed
emed ia l  Ac t i on  P rog ram" ,  o r
ram fo r  t he  l " l anha t t an  Eng inee r

I . {ED /AEC s i t es ,  p ropos ing  remed ia l  ac t i on  op t i ons  t ha t  cou ld  be

unde r taken  whe re  co r rec t i ve  ac t i ons  a re  necessa ry ,  ana l yz i ng  t ne

env i r onmen ta l  impac t s r  and  es t ima t i ng  t he  cos t s  assoc ia ted  w i t h  t he

remed ia l  ac t i on .

A  po r t i on  o f  Ac id /Pueb lo  Canyon ,  I oca ted  i n  Los  A lamos  Coun ty  i n

no r th -cen t ra l  New Mex ico ,  h ; ;  been  des igna ted  as  a  fo rmer  I ' IED ' /AEC

s i t e  because  be tween  1943  and  Lg64  un t rea ted  and  t r ea ted  l i qu i d

was tes  we re  d i scha rged  i n to  t he  two  canyons :  .The  was tes  we re

genera ted  by  nuc lea i  r . reaPons  resea rch  aL t i v i t i es  a t  t he  Los  A lamos

Na t i ona l -  f , "Uo i . t o t y  ( LAN | ) .  I n i t i a l  r esea rch  was  pe r f o rmed  unde r

the  ausp i ces  o f  t he  pnO and  l a te r  f o r  t he  AEC.  A  was te  t r ea tmen t

p lan t  l oca ted  a t  t he  s i t e  was  decon tam ina ted  and  decommiss ioned  i n

Lg67 .  Howev " r r - "  pg r t i gn  o f  t he  s i t e  s t i l l  con ta i ns  con tam ina t i on

tha t  i s  above  P roPosed  c r i t e r i a '

Rad ioac t i ve  l i qu i d  was tes  resu l t ed  f r om wo rk  s ta r t ed  i n  1943  as  pa r t

o f  t he  MED p ro j " " t  t o  deve lop  a  nuc le_a r  f i s s i on  weapon '  Nuc lea r

weaponsdeve lopmen t r , JaSca r r - i edona f t e rLg4Tunde r theausp i ceso f
rhe  AEC.  u " i iE ;a ;d  f i qu id  was tes  h ' e re  d i scha rged  i n to  Ac id  Canyon

s ta r t i ng  i n  l a t e  1943  o r  . u i f y  Lg44  and  con t i nued  t o  be  d i scha rged

th rough  Ap r i I  I 95 I .  The  e f f l uen t s  con ta i ned  rad ioac t i ve  i so topes

f rom Lhe  resea rch  and  P rocess ing  o

d i scha rges  i nc l uded  i so toPes  o f  s t
p l u ton ium,  amer i c i um,  and  t r i t i um '
was  cons t rucced  on  t he  r im  o f  Ac i c
June  o f  1951 .  F rom s ta r t uP  un t i l
was tes  f r om the 'ma in  t echn i ca l  a re
1953 r  add i t i ona l  l i qu i d  was tes  we r

comp lex  (TA-3 )  sou t l i  o f  Los  A lamos  Canyon .  A  h i gh  Pe rcen tage  o f  t he

TA-3  was te  was  re l eased  un t rea ted  i n to  Ac id  Canyon  f r om 1953  t o

1958 .  I n  Sep tember  o f  195 i ,  l i qu i d  was tes  f r om the  hea l t h  r esea rch

labo ra to r y  1 te -a f l  h t e re  d i scha r i ed  t o  t he  was te  t r ea tmen t  p l an t '  I n

1958 ,  l i qu i d  was tes  f r om a  new  i ad iochem is t r y  { ac i } i tV  
(TA -48 )  we re

d i scha rged  t o  t he  I i ne  f r om TA-J .  I n  Ju l y  1963 ,  t he  was tes  f r om

TA-3  and  TA-48  we re  red i r ec ted  t o  a  new  cen t ra l  was te  t r ea tmen t

p lan t  (TA -50 )  l oca ted  sou th  o f  Los  A lamos  Canyon  v r i t h i n  t he  p resen t

LANL  s i t e .  i he  l i qu i a  was ies  f r om TA-43  we re  red i r ec ted  t o  t he

san i t a r y  sys tem because  a t  t h i s  t ime  on l y  sTq l I  quan t i t i e s  o f  ve r y

Iow- Ieve I  was tes  we r "  g .n " ra ted .  On Iy  l i qu i d  was tes  f r om TA-1  we re

Drocessed  a t  TA -45  f r om Ju I y  1963  t o  Lne  Cessa t i on  o f  oPe ra t i ons  i n

i ruy  of  rgoe (1)  .
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I n  t he  pas t ,  t he  Ac id /Pueb lo  Canyon  s i t e  was  re fe r red  t o  as
Techn i c -a f  A rea  45  (TA-45 )  .  As  snown  i n  F igu re  A -1 ,  t he  p r  i nc i pa l
s t r uc tu res  compr i s i ng  TA-45  i nc l uded  a  veh i c l e  decon tam ina t i on
fac i l i t y  (TA -45 -1 )  and  t he  was te  t r ea tmen t  p l an t  (TA -45 -21 .  F i gu re
A-2  shows  t he  was te  l i nes  f eed ing  t he  t r ea tmen t  p l an t .

Decommiss ion ing  and  decon tam ina t i on  o f  t he  TA-45  was te  t r ea tmen t
p lan t  a rea  began  i n  Oc tobe r  1966 .  A I I  conEamina ted  bu i l d i ng
lna te r i a l s  we re  d i sposed  o f  a t  t he  LANL  rad ioac t i ve  was te  bu r i a l
s i t e .  Con tam ina ted  sewer  p iPe  and  so i l  f r om the  veh i c l e
decon tam ina t i on  f ac i l i t y  we re  a l - so  d i sposed  o f  a t  LA I ' JL .
S imu l t aneous l y ,  po r t i ons  o f  Ac id  Canyon  we re  decon tam ina ted .
Con tam ina ted  t u f f  and  rock  we re  removed  f r om the  c l i f f  f ace .  Some
con tam ina ted  rock ,  so i l ,  and  sed imen t  a l so  we re  removed  f r om the
canyon  f l oo r .  By  Ju Iy  L967  the  a reas  a round  the  fo rmer  TA-45  was te
t re i tmen t  p l an t  s i t e  and  i n  Ac id  Canyon  we re  cons idg red  su f f i c i en t l y
f r ee  o f  con tam ina t i on  t o  a l l ow  un res - t r i c t ed  6sgs55 ( I ) .

A f t e r  decomrn i ss i on ing ,  t he  l and  was  t r ans fe r red  f r om the  U .S .
Governmen t  t o  Los  A lamos  Coun ty  by  qu i t - c la im  deed  on  Ju Iy  1 ,  L967 .
I t  was  recogn i zed  a t  t he  t ime  o f  decommiss ion ing  t ha t  some
rad ioac t i ve  ma te r i a l s  p robab l y  r ema ined  i n  t he  canyon .
Consequen t l y ,  ggve ra l  f o l l ow -up  rad io l og i ca l  su r veys  we re  conduc ted
ove r  t - t e  ye l r s  ( l )  .

Mon i t o r i ng  p rog rams  by  LANL  Pe rsonne l  t o  s t udy  t he  un t rea ted
e f f l uen t s - t ha t  we re  d i scha rged  i n to  Ac id  and  Pueb lo  Canyons  as  we l l -
aS  o the r  canyons  we re  conduc ted  i n  1945 ,  L946 ,  and  L947 .  The
resu l t s  o f  t hese  su rveys  showed  t ha t  r ad ionuc l i de  concen t ra t i ons
dec reased  downg rad ien t  as  t he  un t rea ted  was tes  h te re  d i l u t ed  w i t h
san i t a r y  e f f l uen t  and  s to rm  runo f f ,  and  by  adso rp t i on  o r  i on
exchange  o f  r ad ionuc l i des  w i t h  sed imen ts  i n  t he  s t r eam channe l  ( 2 )  .

F rom 1949  t o  1971 ,  t he  Wa te r  Resou rce  D i v i s i on  o f  t he  U .S .
Geo loE i ca I  Su rvey  (USGS)  s tud ied  t he  e f f ec t s  o f  t he  re l ease  o f
i nOusL r i a l  e f f l uen t s  on  t ne  wa te r  qua l i t y  and  geohyd ro logy  o f  t he
a rea .  The  da ta  co l l ec ted  and  ana l yzed  we re  sununa r i zed  i n  a  se r i es
o f  USGS repo r t s  cove r i ng  t he  pe r i od  1949  t h rough  L967  -
Env i r onmen ta l  da ta  subsequen t l y  ga the red  by .LANL  we re  sunmar i zed  i n
a  se r i es  o f  r epo r t s  f r om 1970  t h rough  1974  ( r )  .  The  resu l t s  o f  t he
s tud ies  showed  t ha t  mos t  o f  t he  res i dua l  ac t i v i t y  i s  a t t ached  t o
bank  so i l s  o r  mo re  s tab le  i nac t i ve  channe l  sed imen ts .

I n  Lg72 r  t he  LA I ' I L  pe r f o rmed  a  rad ia t i on  su rvey  o f  t he  canyon  bo t t om
in  t he  m id reach  o f  Pueb lo  Canyon  t o  de te rm ine  t he  impac t  o f  LANL
ac t i v i t y .  Th i s  was  pa r t  o f  an  ove ra l l  su r vey  conduc ted  no r t h  o f
Pueb lo  -anyon  t o  wh i ch  Ac id  Canyon  i s  a  t r i bu ta r y .  T r i t i um  i n
vege ta t i on  was  s l i gh t l y  h i ghe r  t han  reg iona l  backg round '  bu t  o the r
nuc l i des  i n  so i l  and  vege ta t i on  we re  s im i l a r  t o  r eg iona l  backg round
concen t ra t i ons .
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I n  1975 ,  ERDA iden t i f i ed  the  Ac id /

Cu r ren t  uses  o f  Ac id r /Pueb lo  Canyon  i nc l ude  p i cn i ck i ng '  t r ? i I . r i d i ng '

h i k i ng ,  f i r ea i * "  p t " i t i ce ,  wood iu t t i ng ,  and -p inon  nu t  ga the r i ?9 i t

P ro jec ted  f u tu re  
-use  

i nc l udes  Poss ib f ;  r es i den t i a l  deve loPmen t t r '  '

L2
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APPENDIX A REFERENCES

, ,Rad  i o l og  i ca l  Su rvey  o f  t he  S  i t e  o f  a  Fo  r l ne r  Rad  i oac t  i ve  L i qu  iC

was te  T rea tmen t  p l an t  (TA -45 )  and  t he  E f f l uen t  Rece i v i ng  A reas

o f  Ac id ,  Pueb lo r  dnd  Los  A lamos  Canyons ,  Los  A IamoS,  NM" ;  F i na l

n .po r t ;  f o r  U .S .  Depa r tmen t  o f  Ene rgy t  Ass i s tan t  Sec re ta r y  f o r

Env i ronmen t ,  D i v i s ibn  o f  Env i ronmen ta l  Con t ro l  Techno logy '
Wash ing ton ,  D .C . ;  by  Los  A lamos  Sc ien t i f i c  Labo ra to r y '  Los
A Iamos ,  New Mex i co ; -unde r  Con t rac t  W-7405 -ENG '36 i  Repo r t  No .
DOE/EV-0005 , /30  ;  198 I .

"A  Backg round  Repo r t  f o r  t he  Fo r rne r l y  U t i l i zed  I " IED /AEC S i t es '
Remed ia t  ac t i on  F rog ram" i  D ra f t  Repo r t ;  by  Env i r onmen ta l
Con t ro l s  and  Ana l ys i s  D i rec to ra te ,  Eas te rn  Techn i ca l  D i v i s i on ,
The  Aerospace  Corpo ra t i on ;  f o r  t he  D iv i s ion  o f  Env i ronmen ta l
Con t ro l  Techno logy ,  Ass i s tan t  Sec re ta r y  f o r  Env i r onmen t ,  U '  S '

Depa r tmen t  o f  Une igy ;  unde r  Con t rac t  No .  EX-76C-03 -110  (PA-10 ) ;

Dec  1978 .
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SITE DESCRIPTION

The  s i t e  i s  l oca ted  i n  Ac id /Pueb lo  Canyon  i n  no r t h - cen t ra l  New
Mex ico ,  i n  Los  A lamos  Coun ty ,  ad jacen t  t o  the  town  o f  Los  A lamos .
A lbuque rque  i s  abou t  62  m i  l f  OO km)  t o  t he  sou th - sou thwes t  by  a i r ,
and  San ta  f e  i s  abou t  25  m i  ( 40  km)  t o  t i r e  sou theas t  by  a i r .  F i gu re
B-1  shows  t he  s i t e  l oca t i on ,  and  F igu re  B -2  i s  a  s i t e  v i c i n i t y  map .
Access  to  the  s i t e  f rom the  towns i te  o f  Los  A lamos  i s  by  Canyon
Road ,  wh i ch  runs  j us t  t o  t he  sou th  o f  t he  f o rmer  TA-45  was te
t rea tmen t  p l an t .  The  bounda ry  o f  t he  s i t e  has  been  des igna ted  t o
encompass  aPProx ima te IY  I  ac re .

As  shown  i n  t he  ae r i a l  v i ew  o f  t he  Ac id /Pueb lo  Canyon  s i t e ,  F i gu re
B-3 ,  t he  con tan ina ted  s i t e  i s  l oca ted  ad jacen t  t o  Ac id  Canyon  wh i ch
i s  i r i bu ta r y  t o  Pueb lo  Canyon .  The  con tam ina ted  s i t e  a rea  i s
bounded  by  I  r es i den t i a l  subd i v i s i on  t o  t he  no r t h  and  t he  t owns i t e
o f  Los  A IEmos  t o  t he  sou th .  F i gu re  B -4  shows  t he  phys iog raph i c
se t t i ng  o f  t he  s i t e  and  i nd i ca tes  t he  Los  A lamos  Coun ty  bounda ry .

PHYSICAL CONDITIONS

The  a rea  i n  t he  v i c i n i t y  o f  t he  s i t e  has  a  sem i -a r i d  moun ta in
c l ima te  cha rac te r i zed  by  no rma l l y  f a i r  wea the r .  The  ave rage
tempera tu re  i n  Ju l y  i s  l bou t  73 "F  (23 'C )  and  i n  Janua ry  abou t  21oF
( -G iC )  ( 1 ) .  Thunde rshowers  i n  l a t e  summer  p rov ide  mos t  o f  t he
to ta l  annua l  p rec ip i t a t i on ;  w in te r  snows  p rov ide  t he  rema inde r .
Wa te r  f l ow  i n -  canybn  s t r eams  i s  i n t e rm i t t en t ,  w i t h  mos t  o f  t he
runo f f  occu r r i ng  i n  Ju I y  and  Augus t  du r i ng  and  a f t e r  heavy
thunde rs to rms .  The  run6 f f  pe r i od  i s  gene ra l l y  sho r t ,  e . 9 . ,  seve ra l
hou rs .  The  ave rage  annua l  p rec ip i t a t i on  i nc reases  f r om abou t  9  i n .
( 23  cm)  a l ong  t he  R io  Grande  R i ve r  t o  abou t  18  i n .  ( 46  c rn )  on  t he

mesa  p ia teau i ,  t o  abou t  30  i n .  ( 76  cm)  a l ong  t he  c res t  o f  t he
moun t l i ns  i n  t he  immed ia te  v i c i n i t y  o f  Los  A1amos .  Ove rs to r y
vege ta t i on  ranges  f r om j un ipe r  and  g rass lands  a t  l owe r  e l eva t i ons  t o

f i r ,  sp ruce ,  p i non  p i ne ,  and  suba lp i ne  g rass lands  a t  t he  h i ghe r
e leva t i ons  a l ong  t he  c res t  o f  t he  moun ta ins  t r , |  .

pueb lo  Canyon  heads  on  t he  Pa ja r i t o  P la teau  and  i s  t r i bu ta r y  t o  t he

lowe r  r each  o f  Los  A lamos  Canyon ,  wh i ch  i n  t u rn  d ra i ns  i n t o  t he  R io

Grande  R i ve r .  Ac id  Canyon  i s  a  headwa te rs  t r i bu ta r y  o f  Pueb lo
Canyon  nea r  the  Los  A lamos  towns i te .

The  gene ra t  geo logy  o f  t he  Los  A lamos  a rea  cen te r s  a round  t he
ea ja i i t o  p l a i eau .  The  eas te rn  edge  o f  t he  p l a teau  has  been  e roded
f r6m Bande l i e r  Tu f f .  The  Bande l i e r  Tu f f  i s  mo re  t han  984  f t  ( 300  m)

th i ck  i n  t he  wes te rn  Pa r t  o f  t he^p la teau  and  abou t  262  f t  ( 80  m)
th i ck  nea r  t he  R io  Grande  R i ve l l z l .

A l t hough  t he  s t r eams  i n  Ac id  and  Pueb lo  Canyons  f l ow  on l y
i n te rm i t t en t l y ,  t hey  have  cu t  deep  i n to  t he  rock  un i t s  f o rm ing  and

unde r l y i ng  t he  pa ia r i t o  P la teau .  Ac id  Canyon  and  t he  headwa te rs
a rea  o i  Pueb lo  Canyon  a re  under la in  by  the  Tsh i rege  l ' l ember  o f  t he

Bande l i e r  Tu f  f  .  The  .Tsh i r ege  l 4e rnbe r  cons i s t s  p r  ima r  i l y  o f  nonPorous
* " ra .o  r hyo l i t e  3u56  (2 ) .
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From j us t  be low  i t s  con f l uence  w i t h  Ac id  canyon  t o  a  po in t  abou t  3

* i -  t a l g  k rn )  above  i t s  con f  l uence  w i t h  l owe r  Los  A lamos  Canyon ,
pueb lo  canyon  i s  under la in  na in l y  by  the  o tow i  Member  o f  t he

Bande l i e r  Tu f f .  The  O tow i  Uembe i  i ;  a  mass i ve  agg rega te  o f  poo r l y

"o t t . a  
r hyo l i t i c  pum ice  f r agmen ts  and  some  f i ne  pum ice  91ass '  Th i s

t remUer co- , l tu i r r "  o- r . ty  .  l imi led amount  of  perched ground water '  Tne

rema inde r  o f  Pueb lo  Canyon  down  to  the  con f l uence  w i th  l ower  Los

A lamos  Canyon  i s  unde r f l i n  by  Puye  Cong lomera te .  Th i s  gong lomera te

"on= i " t "  
o - t  i n l e rbedded  s i l t l  sa i d ,  aqE ,g rave l  de r i ved  f r om

con temporaneous  e ros ion  and  vo l can iss l l a l  '

r n t e rm i t t en t  na t . u ra l  r uno f f  and  e f f l uen t  f r om a  was te  wa te r

t rea tmen t  P lan t  ( see  F igu re  B -2 )  r
g round  wa te r  i n -  t he  m id reach  o f  Pu
i va iLab l s  f l sga ( I )  sugges t  t he re  i s
be tween  the  pe rched  aqu i fe r  and  ' t h

wa te r  i n  t he  Los  A lamos  a rea .  The
app rox ima te lY  790  f t  ( 240  m)  be low

The  Ac id /Pueb to  s i t e  i s  l oca ted  i n  a  Zone  2  se i sm ic  a rea '  where

mooera te  aamafe  f ; ; ;  e i r t nquake  can  be  expec ted  to  occu r '  The

ea r thquake  reco rded  neu re " i  t o  t he  s i t e  occu r red  i n  San ta  Fe  Coun ty

to  t he  sou tne i s i - " n  r ' t uv  I 8 ,  1918 .  The  quake  was .  g raded  a t  r n tens i t y

v I I  t o  v I I I  (Mod i f  i ed  t u te r ca l l i ) .  The  mos t  r ecen t l y  r eco rded  even t

occu r red  on  Janua ry  22 ,  1966  a t  Du l ce ,  abou t  70  n i  ( 113  km)

no r thwes t  o f  t he  s i t e .  Th ;  magn i t ude  o f  t h i s  9v9 tF  * " s  measu red  a t

5 .5  on  t he  more  recen t l y  deve loped  R i ch te r  sca le \ ' ' .

gApIOLOGTCAL CONDTTIONS

LANL  pe r fo rmed  a  rad iO1O949u r  su rvey  o f  t he  Ac id /Pueb lo  canyon  t es t

s i t e  f o r  DOE i n - f g lO - tg7 i ( I ) .  Da ta  on  su r f ace  and  subsu r face

so i l s r  d i f  concen t ra t i ons ,  and  gamma su rveys  we re  ob ta i ned '  T i r e

i n fo rma t i on  p resen ted  i n  t he  f o t l ow ing  Pa rag raPhs  - i s  a  summary  o f

t he  f i nd ings  o f  t he  rad io l og i ca l  su r veys  pe r f o rmed  by  LANL  and  -
supp lemen ted  by  FBaDU i n  i 980 .  The  LANL  su rvey  da ta  a re  i nc l uded  as

Append i x  D  o f  t h i s  r ePo r t .

No  was te  wa te r  t r ea tmen t  f ac i l i t y  ex i s t ed  be tween  1943  and  195 I '

The  un t rea ted  e f f l uen t ,  d i scha rged  t o  Ac id  canyon  du r i ng  t h i s  pe r i od

con ta i ned  abou t  I 50  mC i  o f  p l u - t on ium (a  LANL  es t ima te ) .  The  TA-45

was te  t r ea tmen t  p l an t  *as  p -u t  i n t o  ope r -a t i on  i n  1951 '  F rom 195 I  t o

tgOe ,  t he  p l u ton ium re l easL  was  reduced  t o  26 .9  mC i .  O the r

rad ionuc l i des  re l eased  i n  t he  un t rea ted  e f f l uen t  i nc l uded  S r -90 '

C " - f gZ rU-238 rPu -24 : - rAm-241 'andH-3 ( t r i t ' i um) '

Su r face  and  subsu r face  con tam ina ted  a reas  nea r  t he  f o rmer  TA-45

was te  t r ea tmen t  p l an t  a rea  a re  i nd i ca ted  i n  F i gu re  E - I  o f  t he  LANL

, "p . i t i i l  ( i n c l u -ded  i n  Append i x  D  o f  t h i s  r epo r t ) .  The  h i ghes t

concen t ra t i on  o f  con tam in l t i on  was  f ound  i n  t he  t oP  l 0  i n '  ( 25  cm)

o f  so i l  nea r  t he  s i t e  o f  t he  f o r i ne r  decon tam ina t i on  f ac i l i t y .  Lower

concen t ra t i ons  we re  f ound  i n  Ac id  canyon ,  m idd le  and  l owe r  Pueb lo

Canyonr  dnd  were  de tec tab le  i n  l ower  Los  A IamoS Canyon '  A t  t he  top

20



o f  t he  mesa ,  a  sma l l  a rea  w i t h  h i gh  su r f ace  concen t ra t i ons  o f  Pu -239

v ras  f ound  nea r  t he  l oca t i on  o f  t ne  f o rmer  i ndus t r i a l  was te  d i scna rge

l i ne .  The  h i ghes t  conce t r t r a t i on  de tec ted  was  163 '000  pCL19 . '  I n  ! ' ' t u
same  a rea r  s r -90  concen t ra t i ons  ranged  f r om 0 .5  t o  230  pcL /g r  cs -L37

i ro to  O . I  t o  I 8O  p1 i / g ,  and  U -238  f r om 0 ' 3  t o  20O pc ; / g '

I n  Ac id  Canyon ,  t he  LANL measuremen ts  showed  ave rage  concen t ra t i ons

o f  pu -239  o f  t i  pCL /Z  i n  t he  s t r eam bed  and  l l 0  PCL /q  i n  t he  banks ,

a l ong  w i t h  up  t o  a  m i * imum o f  630  pg i / g  o f  o the r  r ad ionuc l i des '  The

; ; ; ; ;e ; -s i -gb wis- r .  o  ic t /g ,  cs-13? was I .e  pcL/er  and v-238 was
0.ag 6Ci tg .  F igure g-E shows the sample locat ions in  Ac id  Canyon'

I n  m idd le  Pueb lo  canyon ,  t he  on l y  s ign i f i can t  con taminan t  de tec ted

by  IANL  was  Pu-  23g ,  where  a  max imum concen t ra t i on  o f  88  pCL /9  v tas

measu red .  Howeve r ,  t h i s  concen t ra t i on  s t i I I  was  be low  100

;a ; i ; i I t .  in "  pu-239 was a t  detec tabre  levers  a t  ar l  sampr ing
po in ts  i n  Pueb lo  canyon  and  i n  l ower  Los  A lamos  Canyon  to  i t s

; ; ; ; i ; " ; " . - * i t n  t he  h i o  G rande  R i ve r .  o the r  r ad ionuc l i des  v re re

w i t h i n  no rma l  backg round  ranges .

Personne l  f rom FB&DU ga the red  so i l  samp les  to  supp lemen t  (bu t  no t

dup l i ca te )  t he  LANL  so i f  da ta  and  t o  ve r i f y  t he  expec ted  backg round

rad ionuc l i de  concen t ra t i ons  i n  t he  a rea .  Fo r  i ns tance ,  R -40  (a  be ta

em i t t e r )  i s  f ound  na tu ra l l y  i n  so i l s  a round  LOs  A lamos  and

co l t r i bu tes  t o  g ross  be ta  i eve l s .  I n  add i t i on ,  na tu ra l

concen t ra t i ons  
' " t  

Ra -226 ,  Th -232 ,  and  na tu ra l  u ran ium a f f ec t  g ross

a lpha  I eve I s .  The  l ow  concen t ra t i ons  o f  t hese  rad ionuc l i des  i n  a I I

FB&DU so i l  
" a *p t . "  

demons t ra te  t ha t  t he  e l eva ted  g ross  a l pha  f ound

a t  some  l oca t i ons  by  LANL  i s  due  tO  P lu ton ium con tam ina t i on '

The  FB6DU subsu r face  so i l  samp les  we re  f r om ho les  d r i l l ed  a t  t he

con f  I uence  o f  Pueb Io  canyon  u t i t n  Los  A Iamos  Canyon  an f  . a t ^3 -9? - i t ' t t . ,
U " f o *  To tav i .  

- a ; ; f u " "  
s6 i f  samp les  w9 {e  t aken  i n  Pueb lo  Canyon r  1 r r

Ac id  Canyon r  d l t d  a t  t he  t ace  o f ' t he  c l i f f  i n  t he  sou th  f o r k  o f  Ac id

canyon  nea r  the  fo rmer  TA-45  t reaLmen t  p lan t .  These  samp le

Ioca t i ons  a re  shown  i n  F igu res  B -5  and  B -5 .  Resu l t s  o f  t he  ana l yses

a re  shown  i n  Tab le  B -1 .

The  LANL  so i l  samp les  v te re  t es ted  f o r  g ross  a l pha  and  g ross  be ta ' .  A

rep resen ta t i ve  nu ibe r  o f  t hese  samp les  a l so  we re  t es ted  f o r  sPec i f i c

nuc l i des ,  i nc tud ing  S r -90  (a  be ta  Lm i t t e r ) .  So i l  samp les  co l l ec ted

6V- regnn ' i .  i tSO  
- Jdn ta i ned  

concen t ra t i ons  o f  K -40  (a I so  a  be ta

em i t t e r l  r " ng i "g  i r o *  9  t o  59  p1 i / g .  Howeve r ,  i n  eve ry  L INL -samp le

ana l yzed  f o r -S r l 90 ,  i f  t he  9 ro l s  Ue ta  read ing  exceeded  100  PCL /g '

t he  S r -90  resu l t  was  a l so  g i ea te r  t han  IO0  p3 i / 9 -  The .g ross  ?9 tu .
read ing  t hus - ; ; p " ; ; ;  t o  be - l - va l i a ,  a l t hough  conse rva t i ve ,  i nd i ca to r

f o r  so i l  concen t ra t i ons  o f  S r -90 '

The  comb ined  e f f ec t  o f  a l pha  and  be ta  con tam ina t i on  a l so  was

cons ide red .  when  two  o r  mo re  rad ionuc l i des  a re  P resen t  i n  a  so i l

samp le ,  t he  max imum pe rm iss i b l e  concen t ra t i on  ( l 4PC)  o f  each  w i l l  be

I im i t ed  t o  t he  ex ten t  t ha t  t he  sum o f  t he  ra t i os  o f  t he  nuc l i de

concen t ra t i ons  t o  t he  l v lPc rs  o f  t he  nuc l i des  mus t  no t  exceed  un i t y '

Thus ,  L f  C I ,  C2 ,  C3 ,  . . .Cn  reP resen t  t he  concen t ra t i ons  o f
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F B & D U  S O I L  S A M P L E

TABLE B- I

DATA FROM ACrD/PUEBLO CANYOhIS  (a )

Sample DePth
No .  ( b )  ( f  t .  )

Cs - I 37  K -40
(pcL/g)  (pc i le )

Ra-226  Th -232  U-238  Pu-239
(pc i / e )  @cL /g \  l pc i / e )  (Pc i l g  )

I
2A
28
3
4
5
6
7
I
9

10
11
t2A
L2B
l3
14A
14B
14C
14D
t5A
158
15C
l5D

0.24
0 .05
0 .0 r
0 .01
0.  0r
0.62
0 .  18
0 .0 r
0 .  r0
4  .89
0 .95
0 .01
0 .6  0
0 .6 r
0 .44
0 .01
0 .0  7
0 .0 r
0 .  01
0 .  12
0 .0  5
0 .01
0 .  0 r

42 .9
L6 .2
24 .5
59 .1
33 .8
26 .6
22 .2
15  . 4
16 .  6
23 .L
2L .6
t9  . 9
23 .L
20 .8
23 .9

9 .06
16 .3
17  . 3
18 .7
34 .7
25 .5
23 .8
2L .0

2.3
1 .3
2 .6
2 .3
3 .4
0 .94
r .7
o.97
1 .1
0 .0  5
r .7
1.3
r .5
0 .62
I . I
0 .79
0 .98
0 .4 I
r .9
r .9
0.63
2 .L
1 .9

0 .  15
0 .05
0 .0  6
0 .05
0.0  s
0 .05
0 .0  5
0 .05
0.0  s
0 .06
0 .0  5
0 .05
0 .0  5
0 .05
0 .0  5
0 .0  s
0 .0  s
0 .05
0 .0  5
0 .05
0 .05
0 .0s
0 .0  5

0 .4  3
0 .01
0 .47
0 .30
0 .20
0 .73
0 .27
0 .07
1 .70
0 .  13
0.0r
0 .0  7
0 .  t 0
0 .  10
0 .07
2 .80
0 .07
0 .30
1 .17
1 .37
0.0r
0 .73
0 .27

0.0r
0 .01
0 .08
0 .07
0 .05
0 .05
0 .07
0 .01
0 .09
0 .01
0 .01
0 .0r
0 .0r
0 .01
0.  0r
0 .0r
0 .0r
0 .0 I
0.0r
0 .05
0 .09
0 .01
0.0r

0 - I
L -2

Sur  face
Su r face
Sur  face
Su r face
Sur  face
Su r f  ace
Sur  face
Su r face
Sur  face

0 - l
L-2
0 -1
0 -3
3 -6
6 -9
9 -L2
0 -3
3 -6
6 -9
9-r2

( a )  SamP le  ana l ys i s  pe r f o rmed  by  Con t ro l s
Po l i u t i on  f  nc .  unde r  subcon t rac t  t " i t h

Labora to rY .

(b )  SamPIe  l oca t i ons  a re  shown  i n  F igu res

fo r  Env i r onmen ta l
Fo rd  Chemica l

B -5  and  B -5 .
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samPle '  and  i f  M I  ,  t l l 2 ,
i des ,  t hen  t he  max imu tn
nuc l i des  i n  t he  samP le

ct*cz*o"cn< l .oo

qq q

I n  a l l  samp le  l oca t i ons  whe re  c l eanup  i s  r equ i red ,  d t  l eas t  one

nuc l i de  exceeds  i t s  c r i t e r ron '

Ex te rna l  Gamma Rad ia t i on

The  va r i a t i ons  i n  ex te rna l  gamma rad ia t i on  measu red  by  LANL  we re

ve r i f i ed  by  FB&DU measu remen ts  ( 9  t o  17  uR /h r ) .  Measu renen ts  h re re

w i t h i n  t he  , " . r g "  o f  na tu ru i "Uu " i g round .  va r ' i a t i ons ,  exceP t  a t - t he -  .
TA -45  t r ea tmen t  p l an t  a rea ]  

- i t  
i ne  ven i c l e  decon tam ina t i on  f ac i l i t y

a rea ,  t he  
" *po "u? "  

r a te  f r om con tam ina t i on  was  es t ima ted  t o  be  up  t o

40  uR/h r  above  backg round .  Gamma leve l s  i n  t he  open  d ra inage  f rom

the  un t rea tea -wa i te -ou t fa I I  we re  measured  uP  to  50  UR ' /h r  above

no rma l  backg round .  '

Radon  and  Radon  Dauqh te r  Concen t ra t i ons

Personne l  f rom F ts&DU co l l ec ted  and  measured  some radon  gas  samp les

in  t he  s i t e  a rea  and  a t  va r i ous  l oca t i ons  i n  Pueb lo  and  l owe r  Los

A lamos  Canyon i  as  shown  i n  F igu r "  B -7 .  Ana l yses  o f  t he  samp les

con f i rmed  t ha t  r adon  f l ux  t onJ " "q ta t i ons  we re  w i t h i n  t he  expec ted

backg round  ,ung" -o i  f  i o  3  pC ; /n2 -s .  Tab le  B -2  no tes  the

measu re inen t s  and  resu l t s .

Wa te r  SamPIes

FB&DU ob ta i ned  wa te r  sa rnp res  f r om Ac id  and  Pueb lo  canyons  j ! : t  above

the i r  con f ruence  and  f r om pueb ro  canyon  j us t  be row  th i s  con f l uence '

Samp leswere taken f romtheR ioGran_den i ve r . j : ' ! - : ! oveandbe low
i t s  con f l uence  w i th  l ower  i ueb lo  Canyon .  Wate r  samp le  l oca t i ons

were  l im i t ed  au . - i o  t he  i n lE i * i l r en r  f r ow  i n  Pueb lo  canyon -  The

lown  rn  F igu re  B -8 '  Resu l t s  o f
^ rn  i n  Tab le  B -3 '  Resu l t s  show  tha t

max imum Pe rm iss i b l e

Con tam ina ted  A reas

Rad ioac t i ve  con tam ina t i on  above  gu ide l i ne  c r i t e r i a  was  de tec tab le  by

FB&DU in  i t s  r ggo  su rvey  
" ; i t ' i r , " i n "  

ma in  b ranch  o f  Ac id  canyon  and

on  the  top  o f  t he  mesa  ue twe-en  canyon  Road  and  the  sou th  r im  o f  t he

sou th  f o r k  o f  Ac id  canyon . ' - a ; " ; ; q i en t r y ,  uasea  on  i n te rp re ta t i on  o f

the  da ta  ob ta ined  by  LANL 
" t t a  

FeadU,  thE  on l y  a reas  requ i r i ng

remed ia l  ac t i on  a re  t hose  shown  i n  F igu re  B -9 '
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TABLE B-2

RADON FLUX MEASUREiVIENTS -  ACID/PUEBLO CANYOI ' IS

Locat ion Flux lpcL/n2-sl

A, :  j  r J  t rea tmen t  P lan t  s i t e

Base  o f  c l i f f  i n  Ac id  CanYon

Pue i> ' l o  Canyon  s t ream bed  be low
r-- i ) r ) f luence wi th  Acid CanYon

Pue i> lo  Canyon  -  D r i I I  ho le  L4

Pueb io  Canyon  -  above  con f l uence  w i th  Los
hl  a inos CanYon

A lamos  Canyon  -  above  con f l uence  w i th
i o  G rande  R i ve r

2 .7  5

1 .69

2 .29

0 .05

3 .  17

r .7  5
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FB&DU SURFACE WATER

TABLE B-3

SA"qPLE DATA FROM
( in  PCi , / f )

AC I D/PUEBLO CAI\IYOI{S

Samp le  No .  Cs - I 37 Sr -90 Ra-226 u-23 I Gross  s  Gross  B

I
I
I
I
8

t
2
3
4
5

0 .05
0 .05

0 .50
0 .60
0 .60
0 .60
0 .60

0 .02
0 .0  8
0 .06
0 .0  4
0 .04

2 .O
10.0

2 .0
2 .0
7 .0

3 .0
3 .0
4 .0

33 .0
9 .0

*SampIe Ioca t i ons  a re  shown  i n  F igu re  B -8 '

29



forb. Sacon ll Drnie ltrb Jnc.

E X I S T I N G  S A N I T A R Y
SEWAGE L IFT  STAT lON

/ - ---
, - -
,  

' - . ,

t l
t t
t t
, t

l s - . t i

t t
, t

. rs_ t  i
, '  

- ' - -  
t  t

\ 
TA-4$1

CONTAMINATED
SITE BOUNDARY

LEGEND

CONTAMINATED AREAS
R E M O V E  A N  A V E R A G E
I  F T  O F  S O I L

CONTAMINATED SURFA
f : \  sPoTs.  NUMBERS COR-V RESPOND TO LANL

RADIOLOGICAL  REPORT
FIG.  E . I  (SEE APPENDIX  A }

- . - -  INTERMITTENT STREAMS

.r [ . . rh. , r1, .  CANYON R lM (APPROXIMATE )

FIGURE B- 9 DESIGNATED

F O R M E R  V E H I C L E
DECONTAMINAT lON

F A C I L I T Y  S I T E

FORMER UNTREATED
ASTE D ISCHARGE AREA

0 10  20  30  40  50m
h:EJ----+-J ==:-+ri

0 50 t00 150 f t

SOURCE:  LANL

dOltrnM I NATED_$rr AREA
4 0 9 . 3 2 t  t 0 / t t

30



I .

APPENDIX B REFERENCES

R-L .  G r i 99s ;  'Geo logy  and  Ground  Wa te r  Resou rces  o f  t he  Los

A Iamos  A rea ,  N ; ; - l , r e i i co " r  U : ; .  ceo tog i ca l  Su rvey  Wa te r -SuPPIy

; ; ; ; ; - r i sg ;  
-wash ins ton l  

D ' c '  i  Le64 '

nEa r rhquake  rn fo rma t i on  Bu l l q t i l " i  Y :1 . - ? ;  
No '  3 ;  u ' s '  DePar tmen t

o f  t he  I n te r : . o r ,  U 'S '  Ceo fog i ca f  i u r vey ;  May  t o  June  L975 '

T i t l e  I 0 ,  code  o f  Fede ra l  Regu la t i ons '  Pa r t  20 '  Append i x  B ;  u ' s '

Gove rnmen t  P r i n t i ng  o f f i ce i  f r ash ing ton '  D ' c ' ;  1980 '

2.

3 .

4 .

3 I



APPENDIX C

BASIC REI"IEDIAL ACTION ALTERNATIVES
AIID PROPOSED OPTIONS

32



BASIC REI'IEDIAL ACTION ALTERNATIVES
AND PROPOSdD OPfIONS

The  p roposed  op t i ons  f o r  r emed ia l  ac t i on  f o r  t he  con tam ina ted  a reas
a t  t he  Ac id , /Pueb lo  Canyon  s i t e  nave  been  f o rmu la ted  based  on  t . he
s i te -spec i f i c  cond i t i ons  desc r ibed  i n  Append ix  B  and  on  the  bas i c
remed ia l  ac t i on  a l t e rna t i ves  t ha t  shou ld  be  cons ide red  f o r  any
remed ia l  ac t i on  s i t e .  A  p resen ta t i on  o f  t he  bas i c  a l t e rna t i ves  and
proposed  op t i ons  fo l l ows .

BASIC REMEDIAL ACTIOI IJ  ALTERNA.I IVES

The re  a re  f i ve  bas i c  a l t e rna t i ves  f o r  ca tego r i z i ng  t he  remed ia l
ac t i ons  f o r  con tam ina ted  p rope r t i es .  F rom these  f i ve  bas i c
a l t e rna t i ves ,  t h ree  op t i ons  f o r  r emed ia l  ac t i on  have  been  f o rmu la ted
fo r  t he  con tam ina ted  a reas  o f  t ne  s i t e  i n  Ac id /Pueb lo  Canyon .  The
f i ve  bas i c  a l t e rna t i ves  a re  b r i e f l y  de f i ned  i n  t he  pa rag raphs  t ha t
f o l l ow .

Bas i c  A l t e rna t i ve  I  -  No  Ac t i on

In  t h i s  a l t e rna t i ve ,  no  ac t i on  i s  t aken  a t  a l l ;  consequen t l y ,  t he
con tam ina ted  p rope r t y  r ema ins  unchanged .  Th i s  bas i c  a l t e rna t i ve  i s
one  o f  t he  poss ib l e  cou rses  o f  ac t i on  t ha t  r equ i res  cons ide ra t i on
based  on  t he  Counc i l  o f  Env i r onmen ta l  Qua l i t y  r egu l6g iens (1 ) -
Th i s  a l t e rna t i ve  i s  t he  bas i s  aga ins t  wn i ch  popu la t i on  hea l t h
e f f ec t s  ana l yses  can  be  compared ,  and  a l so  t he  bas i s  f o r  comPar i son
o f  cu r ren t  env i r onmen ta l  impac t s  w i t h  t he  impac t s  t ha t  wou ld  resu l t
f r om imp lemen ta t i on  o f  o the r  a l t e rna t i ves .

Bas i c  A l t e rna t i ve  I I  -  M in ima l  Ac t i on

l4 i n ima l  ac t i on  imp l i es  t ha t  no  remed ia l  ac t i ons  a re  t aken  t o  cLean
up  t he  con tam ina t i on .  l l i n ima l  ac t i on  i nvo l ves  on l y  t hose  measu res
tha t  e f f ec t i ve l y  l im i t  pub l i c  exposu re  t o  r ad ioac t i ve  sou rces ,  such
as  res t r i c t i ng  access  t o  a  con tam ina ted  p rope r t y .

I n  gene ra l ,  t he  rn i n ima l  ac t i on  a l t e rna t i ve  requ i res  t ha t  t he
p rope r t y  be  pu rchased  by  a  gove rnmen t  agency  and  he ld  i n  pe rpe tu i t y ,
secu red  by  f enc ing  and  pos ted  w i t n  aPp rop r i a te  wa rn ing  s i gns '
ma in ta i ned ,  and  rad io l og i ca l l y  mon i t o red  pe r i od i ca l l y  f o r  wa te r ,
so i I ,  and  a i r  con tam ina t i on .

Bas i c  A l t e rna t i ve  I I I  -  S tab i l i za t i on /En tombmen t

S tab i l i za t i on  re fe r s  t o  t he  cove r i ng  o f  a  con tam ina ted  a rea  w i t h  a
requ i red  amoun t  o f  compac ted  c l ean  so i I .  En tombmen t  i nvoLves  t he
to ta l  encapsu la t i on  o f  con tam ina ted  ma te r i a l s  w i t h  a  pe rmanen t
cas ing  such  as  conc re te .

Access  t o  a  s i t e  cou ld  be  res t r i c t ed r  ds  cou ld  uses  f o r  t he  s i t e .
Pe r i od i c  r ad io l og i ca l  mon i t o r i ng  o f  t he  env i r onmen t  no rma l l y  i s
requ i red r  E rs  i s  pe r i od i c  r na in tenance .
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Bas i c  A l t e rna t i ve  IV  -  Pa r t i a l  Decon tam ina t i on

par t i a l  decon ta :n ina t i on  i nvo l ves  remed ia l  ac t i on  to  remove  o r

con ta i n  eas i l y  access ib l e  ac t i ve  o r  po ten t i a l l y  ac t i ve  sou rces  t o
p reven t  f u r t n i r  con tam ina t i on .  Fo r  open  l - ands ,  f o r  examp le ,  su r f ace

Lon tamina t i on  cou ld  be  removed  to  P reven t  sp read ing .  H igh Iy
i ad ioac t i ve  so i l  cou ld  be  removed ,  l eav ing  so i l  w i t h  l owe r  l eve l s  o f

con tam ina t i on  t o  be  removed  l a te r .  Con tam ina ted  d i t ches  and  s t r eams
cou ld  be  c leaned  up  to  s top  the  sp read  o f  con tamina t i on '  l eav ing
ad jacen t  so i l  t o  be  removed  a t  a  l a te r  t ime .

Access  to  the  pa r t i a l l y  decon tamina ted  a reas  o f  t he  s i t e  cou ld  be

res t r i c t ed .  A  p rog ram o f  su rve i l l ance  and  ma in tenance  no rma l l y

wou ld  be  requ i red  t o  ensu re  con ta i nmen t  o f  con tam ina t i on .

Bas i c  A l t e rna t i ve  V  -  Decon tam ina t i on  and  Res to ra t i on

Decon tam ina t i on  and  res to ra t i on  remed ia l  ac t i ons  a re  f o rmu la ted  so

tha t  a I I  above -c r i t e r i a  con tamina t i on  i s  removed  f rom a  p rope r t y  j . n

o rde r  t o  make  i t  ava i l ab le  f o r  un res t r i c t ed  use .  Con tam ina ted  so i l s
a re  excava ted  t o  t he  ex ten t  needed  t o  mee t  t he  aPProPr i a te
decon tam ina t i on  c r i t e r i a .  A I l  con tam ina ted  deb r i s  f r om bu i l d i ngs
and  con tam ina ted  so i l s  a re  t r anspo r ted  sa fe l y  t o  an  apProp r i a te
d i sposa l  s i t e .  Res to ra t i on  o f  t he  p roPe r t y  f o l l ows  a f t e r  comp le t i on

o f  decon tam ina t i on  e f f o r t s .  Ce r t i f i ca t i on  by  ASEP o f
decon tam ina t i on  t hen  a I l ows  un res t r i c t ed  use  o f  t he  p rope r t y .

REI" IEDIAL ACTION OPTIONS

The  t h ree  p roposed  op t i ons  f o rmu la ted  f o r  r emed ia l  ac t i on  a t  t he

con tam ina ted  s i t e  a rea  a re  a  r esu l t  o f  app l y i ng  t he  conceP ts
i nhe ren t  i n  t he  bas i c  a l t e rna t i ves  t o  t he  sPec i f i c  cond i t i ons  o f  t ne

con tam ina ted  a reas  o f  t he  Ac id , /Pueb lo  s i t e .

Bas i c  A l t e rna t i ve  I  (No  Ac t i on )  i s  t he  bas i s  f o r  a  P roposed  op t i on

fo r  t he  Ac id /Pueo lo  s i t e .

Bas i c  A l t e rna t i ve  I I  (M in ima l  Ac t i on )  can  be  used  as  a  f ounda t i on
fo r  a  p roposed  op t i on  f o r  t he  con tam ina ted  s i t e .  The  P roPe r t y  i s

p resen i l y  i n  pub l i c  owne rsh ip  and  access  can  be  res t r i c t ed  by

fenc ing .

Bas i c  A l t e rna t i ve  I I I  (S tab i l i za t i on /En tombmen t )  i s  no t  used  as  a

bas i s  f o r  a  p roposed  op t i on  f o r  t he  Ac id /Pueb lo  s i t e .  S tab i l i za t i on

o r  en tombmen t  o f  t he  con tam ina t i on  i n  t he  s teep  sec t i ons  o f  Ac id

Canyon  i s  imp rac t i ca l  and  wou ld  be  more  cos t l y  t han  decon tam ina t i on

and  res to ra t i on .  Fo r  t hese  reasons r  t h i s  a l t e rna t i ve  was  no t

cons ide red  t o  be  a  v i ab le  op t i on  f o r  t he  con tam ina ted  s i t e '

Bas i c  A l t e rna t i ve  IV  (Pa r t i a I  Decon tam ina t i on )  aPPea rs  t o  o f f e r  no
advan tages .  Pa r t i a l  decon tan ina t i on  i s  an  i n te r im  measu re  used  t o
remove  sma I I  amoun ts  o f  h i gh l y  con tam ina ted  ma te r i a l s  w l : i l e  l eav ing
g rea te r  vo lumes  o f  l owe r  l eve l  con tam ina t i on  t o  be  removed  a t  a

34



I a te r  t i ne .  Th i s  app roach  i s  no t  p rac t i ca l  a t  t he  Ac id , /Pueb lo  s i t e
due  t o  t he  access ib i l i t y  o f  t he  con tam ina t i on  and  t ne  sma1 I  voLumes
invo l ved .  I t  wou ld  cos t  mo re  t o  r emove  a  pa r t  o f  t he  con tam ina t i on
and  f ence  t he  s i t e  t han  i t  wou ld  t o  decon tam ina te  t o  c r i t e r i a  l eve l s .

Bas i c  A l t e rna t i ve  V  (Decon tam ina t i on  and  Res to ra t i on )  i s  cons ide reo
to  be  a  p rac t i ca l  app roach  fo r  an  op t i on  fo r  t he  con tamina ted  s i t e .
An  op t i on  based  on  t h i s  a l t e rna t i ve  wou ld  a l l ow  un res t r i c t ed  use  o f
t he  s i t e  p rope r t y .

9p t i onA-NoAc t i on

In  th i s  op t i on  no  ac t i on  wou ld  be  taken  a t  t he  Ac id , /Pueb lo  Canyon
s i t e ,  wh i ch  means  t he  p rope r t y  wou ld  rema in  unchanged  and  no  cos t s
wou ld  be  i ncu r red .  The  pub l i c  wou ld  be  i n fo rmed  t ha t  no  ac t i on
wou ld  be  t aken .  Imp lemen ta t i on  o f  Op t i on  A  mus t  be  cons ide reo  so
tha t  t he  impac t s  o f  t he  cu r ren t  cond i t i ons  can  be  compared  w i t h
impac t s  t ha t  wou ld  resu l t  f r om imp lemen ta t i on  o f  o the r  op t i ons .  , -The
impac t s  a re  add ressed  i n  t he  LANL  env i r onmen ta l  ana l ys i s  r epo rE rz t .

Op t ion  B  -  l 4 in ima l  Ac t i on

Wi th  Op t i on  B ,  con tam ina ted  a reas  wou ld  be  l e f t  und i s tu rbeC .
Pe rmanen t  f ede ra l  ( o r  coun t y )  owne rsn ip  o r  con t ro l  o f  t he  s i t e  a rea
wou ld  be  requ i red .  The  con tam ina ted  s i t e  wou ld  be  f enced  t o
res t r i c t  access .  Rad ia t i on  wa rn ing  s i gns  wou ld  be  i ns ta l l ed  a round
the  I - ac re  s i t e  bounda ry  t o  p reven t  pub l i c  en t rance .  Rad io l og i ca l
non i t o r i ng  wou l -d  be  requ i red  be fo re  and  du r i ng  imp lemen ta t i on .
A f t e r  imp lemen ta t i on ,  mon i t o r i ng  wou ld  be  requ i red  on  an  annua l
bas i s  and  su rve i l l ance  on  a  qua r te r l y  bas i s .  The  s i t e  wou i . d  no t  be
ava i l ab le  f o r  use .  A  c rew  o f  f ou r  and  10  t o  L2  days  wou ld  be
requ i red  t o  comp le te  t he  remed ia l  ac t i on .

Op t i on  C  -  Decon tam ina t i on  and  Res to ra t i on  w i t h  D i sposa l

Unde r  t h i s  op t i on ,  t he  con tam ina t i on  on  t op  o f  t he  mesa  wou ld  be
removed  and  L ranspo r ted  t o  a  d i sposa l  s i t e .  The  es t ima ted  300  yd3
o f  con tam ina ted  so i l s  ( bu l k )  above  c r i t e r i a  wou ld  be  re rnoved  f r om
the  fo rmer  veh ic le  decon tamina t i on  fac i l t y  and  a round  the  fo rmer
un t rea ted  was te  e f f l uen t  ou t f a l I .

No  f enc ing  o r  pe r i od i c  ma in tenance  wou ld  be  requ i red .  Rad io l og i ca l
mon i t o r i ng  wou ld  no t  be  requ i red  excep t  be fo re '  du r i ng ,  and
immed ia te l y  a f t e r  comp le t i on  o f  t he  remed ia l  ac t i ons  t o  ensu re  t ha t
a l l  o f  t he  above -gu ide l i ne  con tam ina t i on  was  removed .  A f t e r
remed ia l  ac t i ons  a re  comp le ted ,  t he  ASEP wou ld  ce r t i f y  t he  s i t e  f o r
un res t r i c t ed  use .  A  c rew  o f  s i x  cou ld  comp le te  t he  remed ia l  ac t i ons
in  I 0  t o  12  days .
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APPEI\iDIX D

DATA

This Appendix contains thd detailed resutts of the rDeEsurements performed on the soil and

rediment samples cotlected for the run'ey. The results are organized into tables b1'strata or sub'

strata and identif ied by individual sampte numbers. The sample numbers may be keyed lo sam'

ple locations shos'n on the maps in Figs. E.l through E-6 and E-8 in Appendix E' The last table

in f his Appendix. D-XXIII.  contains informalion about the location of samples in actise channel.

inactive channel, or banks for the caD]'on transects.

TABLE D.I

TREAT}IE]fT PLANT SITE
GROSS.ALPHA ACTIVITY A}'D GROSS BETA ACTIVITI'

Ili THE 0.5-cm SOIL LAIER

Grorr c Grorr !
Location (PCVg) (relative)

I
2
3
1
5

12
I
t
6
7

l6
l5
l?

13-2
{s-3

r0
90
60
30
40

52{90
t?890
10010
1960
670
100
20
20
90

150

1
1
I
I
1

l?
25
t

60
L2
68
1
1
t
1
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TABLE D-III

TREATIIEIT PLAIfT SITE
GROSS.ALPHA ACTIVITY AI\iD GROSS.BETA ACTIVITY

. Dt THE 0-25-cm SOIL LATTR

Location
Grorr !

(relative)

2
I
3
2
1
3
2
4
3
I
3
I
3
I
0
4
3
3
I
2
I
3

Grors q
(pCVg)

a0
20

.30
30
r0
{0
20
30
30
{0
t0
{0
{0
60
a0
t0
60
30
40
40
30
20

AT
A2
A3
A4
A5
A6
A7
B1
82
B8
c1
c2
c3
D2
D3
F9

E3
E6
| r l

FJ
F4
F5
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TABLE D.IV
TR E.{TIU EI\iT PLA,NT SITE

NADIOLOGICAL ANALI'SIS OF SELECTED SOIL SATUPLES
llti THE 0-25-cm SOIL LAYER

eCVE
Pglg

Locetion Gross a a?Pu
Total

Uranium

AT
.46

At
B1
ct
c5
DI
E2
F2
l{
l {a

0.3r
0.29
0.62
0.15
0.6r
0.2t

r83.0
0.{r

-3.rt

0.28
0..5
0.99
0.{r
0.31
0.r{

7?.6
0.23

li'

0.r2
0.lt
0.15
0.42

3{.0
0.15

3E.2
0.6r

:::"

0.0
0.006
0.r0
0.0
0.32
0.01
0.25
0.012

.:.*'

r . l5
0.?0
0.52
1.13
0.9{
0.6r
0.?5
1.12

.3.r0

a0
a0

30

i:
80'io
50

2.5 13.?
2.6 13.9

, 2.0 13.{
r.2 t{.9
2.4 t3.?
2.9 t3.3

u0.0 12.1
3.{ t2.4

::: 

t't :'0'2
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- TABLE D-V

TREAT}IENT PLANT SITE
GROSS-ALPHA A}iD GROSS-BETA ACTIVITY

l}i TnE 0'120'cm SOIL LAYER

Location
Depth Grolr a Gron P
(cm) lPcVs) (relal!19!

DePth Gross a Gross F
Location (cm) $cVs) (relative)

' as-r
,t54
45-5
a5-6
{5.?
45-t
45-9
45-10
{5-11
45-12
{5-13
{5-14
45-15
45-16
l3-l?
45-18
45-19
{5-20
15-2t
15-22
15-23
15-24

. a5-25
45-26
83-l
83-2
84-r
B5-t
B5-2
B6-r
86-2
c5-r
c5-2

sr20
0.120
0-120
0.r20
0-120
0-r20
0.120
Gl20
0.r20
0.120
0.120
0.120
0.r20
0-120
0-120
0-120
0.120
0.120
0-120
0-120
0.r20
0.120
0-r20
G120
G91

90-180
90-r80
G60

60-120
c60

60-120
G60

60-120

c6-r
c6-2
c7-r
ci.2
D7-r
D1.2
A-l
A-2
B.1
B-2
Ba- l
Ba-2
c-1
c2
D-1
D-2
Ea-l
Ea-2
Eb-r
Eb.2
F.1
PA.I
PB.A.1
PB.B.T
PC-r
HB.1
HB.2
SB.1
sB.2
sPl-l
sPl-2
SP2a-1
sP2b-l

0.60
60-120
90-r80
60.r20
0.60

60.120
0.60

60-120
0-60

60.r20
0-60

60-120
0-60

60.120
0-60

60-120
0-60

60.120
0-60

G0-120
0-{90
0-r50
$150
0-150
0-r50
0-60

60.120
0.60

60-120
0-60

G0-120
0-370
sl50

90
20
50
20
60
50
l0
60
50
50
20
50
30
80
60
60
{0
60
60
a0
{0
{0
40
30
{0
t0
60
a0
a0
{o
a0
GO
30

I
3
3
2
I
3

(lost)
3
3
I
2
2
2

o
4
2
3
1
3
3
2
2
2
1
2
3
2
3
I
2
2
3
2

10
50
'10
60
50
50

(lost)
20
{0
30
10
20
60
30
60
50
50
40
{0
60
{0
{0
?0
?0 '
40
60
{0
l0
{0
30
l0
40
{0

3
3
1
4
3
3
1
1
2
5
2
{
2
3
2
3
I
2
2
3
6
7
2
1
2
3
3
2
I
8
2
2
I
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TABLE D-VT

TREATTUE}iT PI.ANT SITE
RADIOLOGICAL ANALYSIS OF SELECTED SOIL SA:\TPIJS

IN THE 0'l2Gcm SOIL LAYER

eCVs
FCr Gross a DrPu uPu

a5.t
a5.4
a5.5
r5-6
45-7
r5.9
r5-13
r3.16
45.18
15-22
15.24
15.26
PB.b.t
F-l

2.85
0.50
2.38
0.13
0.39
1.05
0.55
0.42
0.56
0.52
9.62
0.51
0.24
0.11

2.23
0.?3
l.?6
0.16
0.3{
0.96
0.18
0.2r
0.18
0.25
3.20
0.44
0.07
0.0

30
20
50
20
60
t0
20
t0
60
{0
{0
30
?0
{0

I  r .?
0.20
0.21
0.r5
0.26
{.0{
0.12

35.2
2.00
z.u

24.4
0.26

12.3
1.56

0.13
0.006
0.0
0.006
0.010
0.063
0.003
0.33
0.036
0.032
0.27
0.01
0.r5
0.0i7

1.05
0.78
0.96
1.16
1.02
t.0?
0.68
0.?8
0.72
0.92
0.39
0.97
1.03
0.?6

tg/g

Total
Uranium tttTh

2 .7  1 { .5
2.0 9.6
2.0 11.0
2.2 r2.3
2.6 t2.4
2.9 11.?
3.8 9.1
2.1 12.1
3.5 10.9
3 .E  11 .6

36.0 11.4
2.5 l l .?
2 .0  11 .9
1.6 13.1
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TABLE D.VII

TREATME\T PLANT SITE
GROSS.ALPHA A\'D GROSS-BETA ACTIVITT'

' IN THE 120-2JGcm SOIL LAYER

Location
Depth
(cm)

Grorr P
(rclative)

Grorr a
(pCVg)

83.2
B{.r
85.3
86-3
c5-3
c5-{
c6.3
c6-4
c7.3
c7-4
D7-3
D?.4
A-3
A-{
Ba-3
Ba-{
c.3
C-l
D.3
D-4
Eb-3
F.r
PA.2
PB.A.2
PC-2
HB.3
HB-{
sB.3
sB-{
sPl-3
sPl-{
SP2a-l
sP2b.2

90.180
0-180

r20.r80
120.180
t20.t80
1E0.240
r20.180
180.240
120.180
180.240
120.180
180.2{0
120.180
180.2{0
120.r80
180.240
120.180
r$.240
120.r80
180.240
r20-240
0-{90

150.300
r50.300
r50-300
120-180
t80-240
120.180
180-240
l2&180
It0.240
0-36s

150.360

t0
60
20
20

120
90
30
60
30
60
20
60
{0
50
s0
30
{0
20
t0
t0
30
a0
?0
30
30
a0
30
{0
30
60
60
40
80
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rABII D.r'lII

TBETTITE}IT PI.AST SITE
RlDtot.octcit rsrlrsls or sELEcTED solt- EAllPl.gs

l.r- THE tt$2l0<o SOIL IAITR

Devi
lartjon' Dcpth '5r tiCa Grorl e tPu tnDPn

t3/3

Torrl
Urrniura "Th

A.3
Ee.3
c.3
D.3
Eb.3
F.r
PB.A.2
PC.2
HB.3
sB.3

;
120 lto
l20rt0
l20.l8tt
t20-1.0
o.90

190.3m
r50.300
l2cll0
tzGlt0

0.lt
0.0
0.0t
0.rt
0.0
0.ta
0.la
0.ta
0.09
0.t?

0.0
0.1t
0:s
t.95
0.0{6
t.36
0.02t
0. t t
0.36
r.t2

0.0
0.@5
0.@5
0.06
0.0
0.0t?
0.@{
0.0
0.018
0.0t1

t . !
l. l
z.i
t 3
1.5
1.6
0.?
1.5
1.3
t.t

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

a0
t0
a0
a0
t0
a0
t0
l0
a0
a0

0.91
0.t{
1.02
0.69
l.@
0.?6
0.?s
0.1?
1.3?
0.9{

t!.1
1..0
t2.0
t0.3
l l .9
t3. l
t.s

10.?
l l . 6
r3J
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J TABLE D-IX

TREATIII ENT PLA}{T SITE
GR OSS{LPHA A}'D GR OSS-BETA ACTTVITY

Ili THE 210'850-cm SOIL LAYER

Grorr a Grorr F
Locition Deptb lpCVf) (relativc)

c5.5
c7-5
c?-6
c7.?
c?-8
c?-9
c7.10
c?-li
c?.r2
D7.5
D7.6
4.5
A-6
Ba-5
Ba-6
c-5
c-6
D.5
F.r
PA.4
PA.5
PB.A.3
PB.A.4
PB.A.5
PB.B.3
PB.B4
PC-3
PC4
PC-5
sB-s
sB-6
sP1.5
sPl-6
SP2a-l
SP2a-2
sP2b.2

210.300
240.300
300.360
360-{20
{20-r80
480-540
5{0-600
600-660
660.720
2{0.300
300.390
240-300
300-350
240-300
300.390
240-300
300-360
240-300
0-490

{50-600
600.?50
300-450
{50.600
600.?50
3m-{50
{50-600
300-130
a50-600
600.?50
20.300
300-360
210.300
300-360
0-360

360-6?0
t50-360

90
{0
60
50
50
50
a0
60
60
50
60
30
40
20
40
{0
30
{0
40
50
{0
30
50
30
90
?0
20
f0
60
g0
40
40
t0
a0
20
30

1
3
2
2
3
3
3
3
I
2
2
3
2
3
3
1
1
1
2
I
2
2
I
3
2
2
2
I
I
3
3
2
2
3
2
2
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TABLE D.XI

ACID EANYON
GROSS.ALPHA A.}iD GROSS'BETA ACTIVITY

IN THE 0'Scm SOIL LAYER

Grorr a Grorr !

Location -GCVg) 
(relative)

TABLE D.XII

ACID CANYON

RADI or,o GI cAL snii-di s ol s-?iEcrED soIL SATIPLES

lft fffE 0'S+m SOIL LAIER

fils

eCUB
DtPu rt [5

Total
Uraniun

10.0
3.0
3.?
3.9
2.8

DtPu
t"tnS 'jr!

l3
l5
9.?

l {
l3

Location-
rnCt

0.?9
0.20

12.1
0.54
1.6{

Gross s

3.r3
0.r5
0.10
0.0
0.0{

s80
60
50
{0
40

20
25
26
n
2t

-Sr

l. l
0.?0
4.5
0.{
0.{

629.0
33.s
3E.{
t.20
6.20

43.4
1.6?
1.t2
0.11
0.33

1.1
1.30
1.10
1.90
2.00
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TABLE D.XIII

ACID CANYON
GROSS-ALPHA ACTIVITY I}T THE

0-2?cm SOIL LAYER

DePth
Locetion (cm) PCUS

24
(rtreao cbannel) O-fS |0
24
(banks) 0-15 50
32
(stream channel) 0-30 ?0
82
(banks) 0-30 {0
33
(stream channel) 0-30 70
33
(banLs) 0-30 60

TABLE D.XIV

ACID CANYON
TRANSECT AC 20 AT STATION 33

RADIOLOGICAL ANALYSIS OF SEI-ECTED SOIL SATTPIfS
I}i THE 0'2scm SOIL LAIER

eCUs . v{lg . _-
Totel

tOcrtiOn FSr rnCt GrosS a tttPU DIPU rrfln L'r at-' jurn ! 'Tb

t\tenf, f,rn} O.?8 l.O5 {0 12.5 0.83 0.?? 0-9 7'24
Activc channcl 1.69 1.28 {O f5.8 0.095 0.86 1'5 9.35
South bentr 0.23 0.25 lO O.ll 0.0 O.?? l'E 9'5'{
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TABLE D')rv

MIDDLE PIJEBLO CA}TYON
GROSS.ALPHA A}iD GR OSS.BETA ACTIVITY

IN THE 0'25+m SOIL I.AIER

Grcrr s Grolr !
Location IPCVg) (relativc)

r5900-0
15900-1
15900-2
15500-0
1s500-1
l55m-2
t{9i0-2
14150-0
l{150-l
1{150-2
13650-1
13630-2
oAPu-l
oAPu-2
oAPu-3
OAPII.4
OAPII.5
oAPll-6
OAPU.?
oAPu-t
oAPu-s
oAPu-10
OAPtr.1T
oAPu-r2
oAPu-13
oAPu-1{

905
103
{03

t00 3'06

.03
303
303
40 l0
40 12
202
203
03
06
0r
01
01
01
0r
05

106
03
06
03
03
01
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. TABIJ DX\I

'TI I DDLE PLIEB LO CA:\. YO:t

N,ADIOLOGICAI A\ALYStS OF SELECTED SOIL S'L\IPLES

Iti THE s2S'<a SOIL l.l|l'EB

,3/3

0J0
0.?l
0.6.

0.?.
o.z2
0:5

030
0.a3
0.{6

0.!l
0:5
0r0

t.6.
l.6a
0.69

l.G2
0.t2
0.96

Torrl

2.9
0.9
t.6

2.e
t.3
2.2

t?.6r
t  t f i

10 .3

13.20
?.51

I1.3?

*Us

bcrtioa 'Er rtO Grorr o

t5e6-0
t3900-l
t59S-2
t1500.0
ll ls0-0
1|l50.1
lal90.2
oAPll.l
oAPll-2
oAPll-3
OAPII.I
Or'Pll'5
oAPn6
OAPU.?
oAPI!4
oAPtl-9
oAPII't0
oAPll.ll
oAPll.l2
oAPll.13
OAPII.I.

o.fr2 0.016
!.99 0.018
a..6 0.052

r.90 0.6m
3.12 0.060
|- 0.013
0.659 0.@l
1.630 0.@.
r.@0 0.0
0.910 0.001
0.12? 0.001
0.s?0 0.m?
0.ii0 0.05
0..30 0.0
0.r r0 0.0 '
3.300 0.013
0.1.0 0.0
0.i l0 0.0
0.2?0 0.001
0.930 0.0
1.190 0.006

I t

t 3 ,

l0
l0
a0

l(n
!0
a0
a0
0
0
0
0
0
0.0
0
0

l0
0
0
0
0
0
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TA'BLE D.)WII

LO\\ER PUEBLO CA}|YON
GROSS.ALPHA A}iD GROSS-BETA ACTIVITY

l}i THE 0'2icm SOIL LA)ER

Iacation
Grorr a Grotr F
(pCVg) (relativc)

30
0

20
30
30
{0
l0
20
20
30
r0
{0
10
l0
l0
40
30
20
20
30
20
20
50
20
30
20

Grors a Grorr F

lgCi/e) 
(relstive)Location

13150-0
131s0-l
13150-2
12830-2
12830-3
APIIs.O
APtr5.T
APiI5.2
APIIIO.O
APtr1O.T
APII1O.2
12650-0
12650-l
126s0.2
r2650-3
11850-0
uBso-l
r1850-2
u&i0-3
1r8504
11550-0
11550-2
10650-0
10650-1
t06s0-2
10050-2

10050-3
100504
t0030.5
9650.0
96s0-1
9630-2
9630-3
9650-{
$50-0
il50-l
8r50-2
8150.3
8150-4
tr50-5
tl50-6
8150-?
t150-B
?950-0
?950-1
?950-2
?930-3
?650-0
?650-l
?650-2
?650.3

I
1
{
2
1
1
5
I
5
6
5
3
3
3
5
3
I
5
5
I
3
3
3
3
3
I

03
102
303
300
302
202
40 I
303
405
203
30 1
102
204
103
304
104
202
04
03

t03
{0r
20 I
300
01

200
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TABLE D.XVIII

LO$EB PLTEBLO CA:SYON

BADIoLoGICALel.nr-v.snsoFSELECTEDSoILsA}lPLEs
Ut titE 0'2icm SOIL LAYER

vg/g

Grosr c DtPu DrPu t.!Pu
Total

Uraaiu.ro

9.2
{ .3
3.{
{ .1

;:;
3.8
3.6
2.0
5.?
l .B
3:2

eCUs
ntRa

Location

13130-0
13150-l
t3150-2
u850-0
12850-2
12850-3
12630-0
12650-l
12650-2
12650-3
APIIs.O
APIIs.T
APII5.2
APUl0-0
APU10-l
APUl0-2
u850-1
llt50-2
11850-3
u850-4
r0650-0
.10630-1
10650-2
9550-3

. tli0-0
tl50-1
8150-2
t150-3
trso-l
tr50-5
tl50-6
t150-?
tt50-B
?950-0
?950-t
?950-2
?950-3

0.68
0.34
0.4?

:

:::

:::

'o'.0,

0.2t
0.22
0.18
0.33
0.12
0.{1

0.94
0.17
0.31
0.r2
0.18
0.r8
0.39
0.12
0.3{
0.12
0.08?
0.r6
0.37

0.8{
0.15
0.43

i
-:

6i'
0.19
0.1?
0.1?
0.{0
0.0
0.61

1.75
0.18
0.24
0.05
0.n
0.r3
0.63
0.0
0.{2
0.0
0.0
0.ll
0.05

0.072
0.013 1.1
0.018
0.u6 9.5
0.037
0.07?
0.01
0.009
0.026
0.006
0.06{
0.01?
0.033
0.049
0.013
0.0{0
0.054
0.019
0.013
0.013
0.041 2.2
0.006
0.0{?
0.100 {.0
0.125 t. l
0.0
0.010
0.031
0.0
0.01{
0.0Er
0.0
0.019
0.009
0.0
0.00E
0.0E1 {.5

l?.97
t7.42
16.23

::,"

I
it.t,
14.03
13.30
10 45
12.29
8.99

15.96

14.{9
15.85
11.?{
6,05
8.99
6.33

13.20
6.33

12.56
5.50
3.{8
6.88

15.7?

rSr

30 7.150
0 0.{09

20 0.720
r0 9.69
30 6.{
30 15.5
{0 0.?
l0 1.06
t0 {.89
t0 0.55
a0 10.6
t0 1.90
20 ?.50
20 t.9
30 1.97
10 ?.1
30 5.E8
20 0.94
20 0.43
30 1.15
50 ro.E
20 0.584
30 3.81
{0 ?.1{
{0 15.30
20 0.9?
30 1.00
l0 0.59
20 0.91
lo 0.85
30 {.09
lo 0-35
20 3.32
0 0.3{
0 0.2?

lo 0'??
a0 9.72

t.t0
r o l

l .?9
r.70

1.90
2.20
1.62
1.09
1.50
0.80
1.6?

l .5 l
1.69
l .12
0.86
0.?1
0.59
0.95
0.60
l.2r
o.72
0.{2
0.?9
1.9{

3.5
l . t
1.3
t .B
t .6
1.7
2.6
1.9
8.5
2.2
l.l
3.6
9.3
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TABLE D.XIX

LOI\ER LOS ALA'\'OS CANYON
GROSS-ALPHA A}.]D GROSS.BETA ACTIVIT}'

tlt THE 0'25+m SOIL LAYER

Grorr a Grott !
Locstioa (pCVg) (rclativc)

l0
l0
t0
30
t0
20
l0
r0
l0
40
30
l0
l0
30
30
30
40
{0
20
20
20
20
20
20
0
0

20
0
0
0

Grors a Grolr P
l,oertion (pCi/f ) (relative)

?250-0
?250.1
7250.2
5900-0
5900.1
6900.2
5800.0
5800.r
5t00.2
5700-0
6?00-l
6700.2
51m.0
5100.1
5100-2
5100-3
5000.0
5000.1
5000-2
5000.3
{300-0
.300.1
3?00-0
3700-l
3?00.2
3?00-3
3200-0
3200.1
3200-2
3200.3

3200.4
3200.5
3r00.0
3100-1
3100.2
3100-3
2500-0
2500-l
2i0f'.2
2500-3
2500-{
2500-5
1900-0
1900.1
r900-2
1300.0
1300.1
1300.2
800-0
t00.r
t00.2
8m-3
E004
{00.0
{00.1
a00-2
0-0
0-l
o-2

1
2
3
I
0
2
s
1
2
0
2
2
I
1
0
I
2
2
2
2
t
I
3
3
1
5
I
1
3
I

0
20
20
t0
l0
20
30
20
t0
20
l0
{0
30
{0
30
30
20
50
t0
30
l0
l0
30
30
40
30
20
t0
a0

1
3
3
t
3
2 ,
I
2
3
I
0
3
4
4
I
3
3
4
2
3
4
5
3
4
5
5
1
3
3
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LO\\'ER LOS ALAIIOS CAI*YON
RADIOLOGICAL ANALYSES OF SELECTED SOIL SAMPTJS

Irr* THE t'Zi-cm SOIL LAYER

eCVs
Gross a D?u

tg/t

Total
Urauium DTh

Locetioa

?230-0
7230.r
?2n0.2
5900-0
5900-1
s900-2
5E00-0
5800-1
5800.2
5?00-0
5?00-l
5?00-2
3?00-0
3700-l
3?00-2
3?00-3
3200-0
3200-l
3200-2
3200-3
3200-{
3200-5
2500-5
t00-0
t00-r
E00-2
t00.3
E00-{

rrPu

0.9

l3

<3

0.57
0.64

T
l .5 l
1.30
t.t0

0.31
0.2{o:13

0.64
0.30

il
0.r9
0.r8
0.u
0.25
0.23
0.r0
0.r9
0.0
0.0
'.::

{io
0.20
0.31
0.46
0.33
0.r6
0.33
0.u
0.23
r.0E

0.26
0.21
0.r8
0.26
0.21

9.30
0.27
3.34
0.880
0.157
5.62
0.27
1.23
0.69
1.32
0.67
1.49
0.0r8
0.145
0.259
0.5r0
0.0
oi.r'

0.063
0.r33
0.43
0.11?
0.097
0.051
0.066
0.075 '

0.027
0.013
0.015
0.00?
0.016
0.019
0.0
0.0
0.008
0.0002
0.011
0.003
0.014
0.026
0.019
0.014
0.0
0.016
0.0
0.0
0.005
0.012
0.00{8
0.0
0.008
0.0
0.004
0.0

ii'
0.95
,-:'

L.44
1.3{
0.?9
1.29
0.77
0.{1
0.?8
0.7{
0.69
0.89

0.89
0.92
1.27
1.09
0.90

l0
l0
t0
30
t0
20
l0
t0
t0
a0
30
l0
20
20
0
0

20
0
0
0
0

20
10
l0
30
l0
l0
30

l .

1.74
0.60

T'
6.3 12.10
3.9 7.13

:i ':,:'
, r .7 14.?6
2.9 t.85

li 'l.l
5 .1  l l .m
3 .2  11 .19
2.8 7.61
1.2 12.56
2.6 6.12
3.3 12.29
3.6 ?.36
2.4 ?.05
l.? 5.96
3.0 10.6{

2.8 ?.38
{.5 10.55
{ .5 lo . lE
{.0 ?.5?
2.0 7.54

0.30
0.23
0.r?
0.25
0.24

55



TAALE D.XXI

TNSTNL}IE\T NEADNGS TNOM CUTF FLT\I'YS

Dtptb Bclcc
Dior Bb trdtuo tlS' PDrrJcli

(a) - GRua) (coruty'lO0 r)
-

Dtpth Bclcr
lfurr Bis

(a)
tlillura llS'

GXA)
?borricLr

(eoultr ' l0C t)

! b. Oudrlt: Ucc !i 
'

Eoutb ol Lbc M lllnn7l

I b. Ourfrlt: I h3 ltl

Ccatcr ol Outfrll lllnn?l

-a.u
-15

0.0
l5
t.l
a.6
6.1
?.6
)2

10.?
12.2

M12.l
-12

D
T
l0
t5
t5
t5
a0
a0
a0
tm
a0

:

t tr. Outhll: Ulc O

tol . l0
& t 9 * t

G05
dt?
6!B
?0{
7U
6{l
G95
6{S
702
c59
fi6
339

;
?r3
?a6
?sit
?0r
7.2
?0.
z3
?35
tn

5 5 9 * t

-J.?
-1.r0
-1.5'

0.0
l 5
3.1
a.6
c.t
?.6
12

t0.?
12-,
-9.U

15
tlo
t5
t5
gt
a0
&
a0
a0
rl0

I
t b. Outfrll: Urc P

t*'rrt ol Ltat O QVlnTl
t5ort! of Lbc M |lV2ml

a0
E3
t5
ao
It
ao
a0
tlO
a0
a0
ao
a0
20
t0

rThc Ludlun l2-S rtrpondr to thotoru ortt 20 LcY. Sct Appendir for dctrilr'

rTlrt gbotrich rcspondr to photonr froo ! ro 25 Lc\" Sct Approdu for druilr'

.Brcl3rorurd coult. A prcliainuy bec13rou11d oourt u rrU u r concludia3 brcl3rouad croultt wctt nrdt for DGt dcr'

GlNll.

,Soor mcesrueE?Dtl *cn ordc brtl froo thc rio of thc ocg on thr Etr! top' Ohen r,arc orde dosrr the Ulur rlopc

bclqr. tbc brsc of thc clill. tn thecc crr.r th? ditlrn;;;;i;t o thc oricnuiion of tm 3round rurfrcc ruher thrn bting

dl;i;e ;;i; th. vrrticrl plurc rbort or bclor th clilt'

Tban rerdinF rrt rl tbe brx of tlc clill'

tTberr rtrdintr rert trltn on tbo trlur d4c'

-9.U
-15'

0.0
1.3
l'r
a.6
6.1
7.7
?2

10.?
122
r3.F
tts''

>llzz
-12

t9{ * 35
a93
65?
l?6
c.9
cs9
e6
?2l
t26
?20
c&3
o9
c50
a?0
ar5

-1.t 0
-1.3 tg

0.0 !0
15 ao
t.t a0
..6 !5

-0.r

a l3
615
Ge5
5:t
380
5?t

55



IADI.E DXXI (ccat)

L\STNL.}IE\T NEADL\*GS FROM CI.ITT 5uR\EYs

Drptb Bclcr
Hor Riur

(o)
lerlUna l2S. Pborrtch.

(rRt) (eorrtr,tO0 r)

Drptb Brlor
l lerr Ria

(url
Lud,lunr l2S'

ORA)
Plorr ich'

(corur6./100 r)

! b. Outlrll: Lbc Q
l'ot clLbc P (lt/!/77)

t lc. Outfrtl: Llac R
T'crr olLiar Q (l lA,t71l

. -J.t
0.0
t5
!.1
a.6
3.1
?.7
t2

10.?
t22
13l
4.t

t0
!5
t5
l5
t5
&
a0
!5
a0

:

I b. Outftll: l$c S
toutb ol LIos ti (ll/3,?7)

-92
0.0 &t
t.3 t5
t.t g5
a.6 t5
6.r l5
4.2 !5
7,1 .0
12 a0

t0.? a0
Hr2.2

-92

t b. OutfrU: Ulc T
Soutb of Lbt S ( l l /3,?71

tt? r 29
639
i2s
?0?
42
?a6
?{t
?61
7Si
33E
-r50

c.0

;
t52
6113
cag
cr5
@t
s9
?09
?t3
no

-9-!
-1.3

0.0
l5
!.1
a2

t{l
@2
t60
c26
G63
c9s
6.0
616
G5t
t?t
@?
sl

t 0
Gr3
c.3
c6l
728
7a1

!0
t0
t9
a0
a0

-9.!
- l s

0.0
l 5
3.1
a.6
G.l
7.1
92

10.?
t22

MI2.F

!0
l0
t0
a0
ao
a0
a0
a0
a0
tlo

57



IAA-LEDXXI (ccat)

ntSTRL'IttL\T XgplxGS fnOll CLIFF ELIR\TTS

DrDtb Bclor
Icrr Bira lerrljun llS' Pbrrlcbr

(!r) on/t) (courtr/loo r)

3 b. Outfrll: t&c A llVunl

Dtpth Bclcr
i lclr  Ria

(a)
l,otUuo l2S' Pborrich'

(/vVh) (counr/100 r)

3la. Outfel l :  Llar A ( l l lVt1)

Qanr
lT rrll
Err l l
$'rrl l
Ccntcr
Drrll
S'rrll
Crntcr
Etell
$'rdl

-cz
0.0
0.9
0.9
It
t l
l . l
2.7
2.7
2.7
t.?

Crntcr
E r l l l
l\' rell
Ccntcr
Er.dl
ll rrll

. Crntcr
E rrtl
S'rrl l
Ccntcr
E rrl l

t.?
t.?
a.6
a.6
a.6
t5
5.3
t.5
6..
6.{
6.4

-9.t

!0
!5
t0
t5
ts
a0
l5
l5
t5
!5
!5

97t
t{5
t r {
652
?56
?91
6?5
c6r
?7s
?t
769
t53

a 3 a !
&6
tlsi
&9
litS
t 3
g'l
u2
t T
6rt'l

a0
t5
35
a0
E5
rl0
a0
a0
a0
a0
It

Llnt C: Uttrrrtcd Outlell l lVunl Linr B: Trucl S'rrh Drrin (t l lL?l

-3.r
-15'
-0.F
-0.v

0.0
l 5
t.0
a.6
6.r
?.?
7.'

-3.!

;
!5
t5
t5
a0
$
a0
a0
t5

:

a2
.351
29s6
?ol
?t2
025
476
&3
alr
g2
cn
ca3

-t0.o
0.0
l . t
3.1
a.6
6.1
t.t

-':.o

{ t9
a9
t36
363
a23
aii
El?
$?

35
!s
a0
a0
a0
60

58



I r

TABLE D.x)ilI

SCOOP SAJr1PLES 0'5 cn

Grosr p Grorr tr tt'r'oPu o'PuLocrtiou

Ittiddle Pueblo Crnyon

G.r? l

los'cr Pueblo Crnyon

20
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G.2B
G-r8
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G-25
G.26
G-20
G-{
G-9
G.1{
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G.3
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2
2
0
2
0
I
1
2
1
2
I
2
1
0
2
I
4
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60
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20
l0
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l0
20
20
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20

{.{9

' 6.82

0.0
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1
3
2
I
I
I
0
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TRAJTSECT SA"\TPLE I DEIfTIFI CATI ON

Aetivc Channel - Inaetivc Chennel Bankr
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0
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o
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8

3
2
2
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4
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0
0
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Abbrev ia t  ions/Terms

AEC

a lpha  pa r t i c l e  (o )

Amer ic ium (Am)

aqu i f e r

backg round  rad ia t i on

be ta  pa r t i c l e  (B )

Ces ium-137  (Cs -137 )

ACID/PUEBLO CANYON GLOSSARY

Def i n i t i ons

A tom ic  Ene rgy  Commiss ion

A  pos i t i ve l y  cha rged  pa r t i c l e  em i t t ed
f rom ce r t a i n  r ad ioac t i ve  ma te r i a l .  I t
cons i s t s  o f  two  p ro tons  and  two
neu t rons ,  hence  i s  i den t i ca l  w i t h  t he
nuc leus  o f  t he  he l i um  a tom.  I t  i s  t he
leas t  pene t ra t i ng  o f  t he  common
rad ia t i on  (a ,  B  ,  ' (  |  ,  hence  i s  no t
dange rous  un less  a l pha -em i t t i ng
subs tances  have  en te red  t he  body .

A  rad ioac t i ve  e lemen t ,  no t  f ound  i n
na tu re ,  f o rmed  i n  h i gh -ene rgy  nuc lea r
reac t i ons .  Amer i c i um-241  decays  by
a lpha  rad ia t i on  w i t h  a  ha l f - l i f e  o f  433
year  s  .

A  wa te r -bea r i ng  f o rma t i on  be low  the
su r face  o f  t he  ea r t h ;  t he  sou rce  o f
we I1s .

Na tu ra l l y  occu r r i ng  l ow - Ieve l  r ad ia t i on
to  wh i ch  a I I  l i f e  i s  exposed .
Backg rounC rad ia t i on  l eve l s  va ry  f r om
p lace  t o  p l ace  on  t he  ea r t h .

A  pa r t i c l e  em i t t ed  f r om some  a toms
unde rgo ing  rad ioac t i ve  decay .  A
nega t i ve l y  cna rged  be ta  pa r t i c l e  i s
i den t i ca l  t o  an  e l ec t ron .  A  pos i t i ve l y
cha rged  be ta  pa r t i c l e  i s  ca I I ed  a
pos i t r on .  Be ta  rad ia t i on  can  cause  sk i n
bu rns  and  be ta  em i t t e r s  a re  ha rm fu l  i f
t hey  en te r  t he  body .

A  rad ioac t i ve  i so tope  o f  ces ium,  wh i ch
i s  an  e l emen t  chem ica l l y  s im i l a r  t o
sod ium and  po tass ium.  Ces ium-137  has  a
ha l f - l i f e  o f  30 .1  yea rs  and  decays  by
be ta  em iss i on  t o  Bam-137 ;  t h i s
daugh te r  decays  a lmos t  immed ia te l y  t o
Ba - l - 37  by  em i t t i ng  a  662  keV  gamma ray .
Ces ium-137  i s  f o rmed  as  a  f i s s i on
p roduc t  i n  nuc lea r  f i s s i on ing ,  and  i s
impo r tan t  because  o f  t he  l ong  ha l f - l i f e
and  re l a t i ve l y  h i gh  ra te  o f  p roduc t i on .
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c i Cur ie  ( t he  un i t  o f  r ad ioac t i v i t y  o f  any
nuc I i oe , . { e f i ned  as  p rec i se l y  egua l  t o
3 .7  x  I 0 ru  d i s i n teg ra t i ons r / second )

The  nuc l i de  rema in i ng  a f t e r  a
rad ioac t i ve  a tom (pa ren t )  has  unde rgone
rad ioac t i ve  decay .  A  daugh te r  a tom a l so
may  be  rad ioac t i ve ,  p roduc ing  f u r t he r
daugh te r  p roduc t s .

Ex te rna l  gamma rad ia t i on  (gamrna
rad ia t i on  em i t t ed  f r om a  sou rce (s )
ex te rna l  t o  t he  body r  E rs  opposed  to
i n te rna l  gamma rad ia t i on  em i t t ed  f r om
inges ted  o r  i nha led  sou rces ) .

Env i ronmen ta l  P ro tec t i on  Agency .

Energy  Research  and  Deve lopmen t
Admin i s t r a t i on

daugh te r  p roduc t

EGR

EPA

ERDA

er9

exha la t i on

exposu re

FB&DU

gamma backg round

gamma ray  (Y )

The  bas i c  un i t  o f  wo rk  o r  ene rgy  i n  t he
cen t ime te r -g ram-second  sys tem (One  e rg
i s  equa l  t o  

' ? . 4  x  106  f  t - I b . )

Em iss ion  o f  r adon  f r om ea r th  ( usua I l y
t hough t  o f  as  com ing  f r om a  u ran ium
ta r l i ngs  p i l e ,  bu t  ac tua l l y  f r om any
loca t i on )  .

Magn i t ude  o f  r ad ia t i on  t o  wh i ch  a  Pe rson
i s  sub jec ted .  I t  i s  de f i ned  and
measu red  by  e l ec t r i ca l  cha rge  p roduced
pe r  un i t  mass  o f  a i r .

Fo rd ,  Bacon  &  Dav i s  U tah  I nc .

Na tu ra l  gamma ray  ac t i v i t y  eve rywhe re
p resen t ,  o r i g i na t i ng  f r om two  sou rces3
( I )  cosm ic  rad ia t i on ,  bombard ing  t he
ea r th r s  a tmosphe re  con t i nua l l y ,  and  (2 )
t e r res t r i a l  r ad ia t i on .  Who le  body
abso rbed  dose  equ i va len t  i n  t he  U .S .  due
to  na tu ra l  ga rnma  backg round  ranges  f r om
abou t  60  t o  abou t  125  mrem/y r .

H iEh  ene rgy  e l ec t romagne t i c  r ao ia t i on
em i t t ed  f r om the  nuc leus  o f  a
rad ioac t i ve  a tom,  w i t h  spec i f i c  ene rg ies
fo r  t he  a toms  o f  d i f f e ren t  e l emen ts  and
hav ing  h i gh  pene t ra t i ng  power .

Subsu r face  wa te r  i n  t he  zone  o f  f u I l
sa tu ra t i on  wh i ch  supp l i es  we l l s  and
spr  ing s  .

g round  wa te r
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hea l t h  e f f ec t

In te r im Pr ina ry  Dr ink ing
Water  Regu la t ions

i sot,ope

LANL

U (m ic ro )

uR/hr

rnRr/hr

llPC

nob le  gas

NRC

n u c l i d e

Prco

Adve rse  phys io l og i ca l  r esPonse  t o
po r l u tan t s  f r om ta i l i ngs  ( i n  t h i s
rePo r t '  one  hea l t h  e f f ec t  i s  de f i ned  as
one  case  o f  t ung  cance r  p roduced  f r om
inha la t i on  o f  r ad ioac t i ve  ma te r i a l s )  .

T i t l e  No .  40  o f  t he  Code  o f
Fede ra l  Regu la t i ons '  EPA  Chap te r  l ,  Pa r t
141 ,  da ted  Ju l y  9 '  L975 .

A  nuc l i de  hav ing  t he  same  number  o f
p ro tons  (and  hence  the  sa lne  a tom ic
number )  as  ano the r  nuc l i de '  bu t  w i t h
d i f f e r i ng  numbers  o f  neu t rons .  A I I
i so topes  o f  one  a tom ic  nu rnbe r  a re  the
sane  e lemen t .

Los  A lamos  Na t iona l  Labora to rY

met r i c  sys tem'
o r  one-mi l l i on th .

Mic ro roen tgen  Pe r  hou r

M i l l i r oen tgen  pe r  hou r

Max imum pe rm iss i b l e  concen t ra t i on  ( t he
h ighes t  concen t ra t i on  i n  a i r  o r  wa te r  o f
a  pa r t i cu l a r  r ad ionuc l i de  pe rm iss i b l e
fo r  occupa t i ona l  o r  gene ra l  exposu re
w i t hou t  t ak i ng  s tePs  t o  r educe  exposu re ) .

One  o f  t he  gases ,  such  as  he l i umr  neon ,
radon ,  e t c . ,  w i t h  comP1e te lY  f i l l ed
e lec t ron  she l l s  wh i ch  i s  t he re fo re
chem ica l l y  i ne r t .

I i l uc lea r  Regu la to ry  Commiss ion

A  gene ra l  t e r rn  aPP l i cab le  t o  a I I  a tom ic
fo rms  o f  t he  e l emen ts ;  nuc l i oes  compr i se
a l l  t he  i so top i c  f o rms  o f  a l l  t he
e lemen ts .  Nuc l i des  a re  d i s t i ngu i shed  by
the i r  a tom ic  number ,  a tom ic  mass ,  and
ene rgy  s ta te .

A  p re f i x  i n  t he  me t r i c  sys tem,
s i gn i f y i ng  I 0 -12 r  o r  one  m i l l i on th  o f
one  m i l l i on th .

P i cocu r i e  pe r  I i t e r

A  p re f i x  i n  t he
s i i n i f y i ng  I 0 -6 ,
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rt
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Plu ton ium 1nu)

Po tass iun -40  (K -40 )

rad

rad ioac t i v i t y

rad ioac t i ve  decay  cha in

A  rad ioac t i ve  e l emen t ,  f ound  i n  na tu re
on l y  i n  t r ace  amoun ts ,  bu t  p roduced  i n
quan t i t y  i n  nuc lea r  r eac to r s .
P lu ton ium,  because  o f  r ad ioac t i v i t y  and
h igh  chem ica l  t ox i c i t y ,  i s  cons ide red  a
dange rous  ma te r i a l .  The  mos t  common
iso tope  o f  p l u ton ium i s  Pu -239 ,  wh i ch  i s
f  i s s i onab i . e  and  rep resen ts  a  g rea t
po ten t i a l  sou rce  o f  ene rgy  fo r  t he
Un i t ed  S ta tes .  The  ha l f - I i f e  o f  Pu -239
i s  abou t  24 r000  yea rs ;  i t  decays  by
a lpha  em iss ion .

A  na tu ra l l y  occu r r i ng  rad ioac t i ve
i so tope  o f  po tass ium decay ing  by  be ta
rad ia t i on  w i th  an  accompany ing  gamma
rav .  The  ha l f - I i f e  o f  K -40  i s  L .29  x
fO9  y r .  As  an  i so tope  o f  po tass ium,
K -40  t ends  t o  concen t ra te  i n  t he  so f t
t i s sues  o f  t he  body .

Roen tgen  (a  un i t  o f  exposu re  i o  i on i  z t ng
rad ia t i on .  I t  i s  t ha t  amoun t  o f  gamma
or  X - rays  requ i red  t o  p roduce  i ons
ca r r y i ng  I  e l ec t ros ta t i c  un i t ,  o f
e l ec t r i ca l  cha rge ,  e i Lhe r  pos i t i ve  o r
nega t i ve ,  i n  1  cub i c  cen t ime te r  o f  d r y
a i r  unde r  s tanda rd  cond i t i ons
numer i ca t l y  equa l  t o  2 .58  x  10 -4
cou lombs  / kg )

The  bas i c  un i t  o f  abso rbed  dose  o f
i on i z i ng  rad ia t i on .  A  dose  o f  I  r ad
means  t he  abso rp t i on  o f  I 00  e rgs  o f
rad ia t i on  ene rgy  pe r  g ram o f  abso rb ing
ma te r  i a1 .

The  spon taneous  decay  o r  d i s i n teg ra t i on
o f  an  uns tab le  a tom ic  nuc leus ,  usua l l y
accompan ied  by  t he  em iss ion  o f  i on i z i ng
rad  i a t i on .

A  success ion  o f  nuc l i des ,  each  o f  wh i c l t
t r ans fo rms  by  rad ioac t i ve  d i s i n teg ra t i on
in to  t he  nex t ,  un t i l  a  s t ab le  nuc l i de
resu l t s .  The  f i r s t  member  i s  ca l l ed  t he
pa ren t ,  t he  i n te rmed ia te  members  a re
ca l l ed  daugh te r s ,  and  t he  f i na l  s t ab le
me iT rDer  i s  ca l t ed  the  end  p roduc t .

A  rad ioac t i ve  e l emen t  chem ica l l y  s im i l a r
t o  ba r i um,  f o rmed  as  a  daugh te r  p roduc t
o f  u ran ium (U -238 ) .  The  mos t  comrnon
i so tope  o f  r ad ium,  Rd -226 ,  has  a

1,,

R
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i i
f l
i :

r  adon

radon  backg round

radon  concen t ra t ion

radon  daugh te r

RDC

r adon  f l ux

r  ecna rge

rem

sc in t i l l ome te r

ha l f - I i f e  o f  I , 600  y r .  Rad ium i s
p resen t  i n  a l I  u ran ium-bea r i ng  o res .
T race  quan t i t i e s  o f  bo th  u ran ium and
rad ium a re  f ound  i n  a l l  a reas t
con t r i bu t i ng  t o  t he  gamma backg round .

A  rad ioac t i ve ,  chem ica l l y  i ne r t  gas ,
hav ing  a  ha l f - l i f e  o f  3 .8  days  (Rn -222 )
fo rmed  as  a  daugh te r  p roduc t  o f  rad ium
(Ra-22  6 )

Low  feve l s  o f  r adon  gas  f ound  i n  an
a rea ,  due  t o  t he  p resence  o f  u ran ium o r
rad ium i n  t he  so i I .

The amount  o f  radon per  un i t  voLume.

One  o f  seve ra l  sho r t - l i ved  rad ioac t i ve
daugh te r  p roduc t s  o f  r adon  ( seve ra l  o f
t he  daugh te rs  em i t  a l pha  pa r t i c l es ) .

Radon  daugh te r  concen t ra t i on  ( t he
concen t ra t i on  i n  a i r  o f  sho r t - I i ved
radon  daugh te rs ,  exp ressed  usua l l y  i n
pCL /L ;  a l so  measu red  i n  t e rms  o f  wo rk i ng
leve l  (WL)  )  .

The  quan t i t y  o f  r adon  em i t t ed  i n  a  un i t
t ime  pe r  un i t  a rea  ( t yP i ca l  un i t s  a re  i n
pC| /m2-s)  .

The  p rocesses  by  wh i ch  wa te r  i s  abso rbed
and  added  t o  t he  zone  o f  sa tu ra t i on  o f
an  aqu i f e r ,  e i t he r  d i r ec t l y  i n t o  t he
fo rma t i on  o r  i nd i r ec t lY  bY  waY  o f
ano the r  f o rma t i on .

(Ac ronym fo r  roen tgen  equ iva len t  man)
The  un i t  o f  dose  f o r  any  i on i zLng
rad ia t i on  wh i ch  P roduces  t he  sa lne
b io l og i ca l  e f f ec t  as  a  un i t  o f  abso rbed
dose  o f  o rd i na ry  X - rays '  numer i ca l l y
equa l  t o  t he  abso rbed  dose  i n  r ads
mu l t i p l i ed  by  t he  aPProp r i a te  qua l i t y
f ac to r  f o r  t , he  t yPe  o f  r ad ia t i on .  The
rem i s  t he  bas i c  r eco rded  un i t  o f
accumu la ted  dose  t o  Pe rsonne l .

A  rad ia t i on  de tec t i on  i ns t r umen t  used
fo r  mon i t o r i ng  sma l I  changes  i n
backg round  and  f o r  l ow - l eve I  r ad ia t i on ,
no rma l l y  u t i l i z i ng  a  Na I  c r ys ta l  as  a
sc in t i l l a t o r .
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St ron t ium-90 (  Sr -9  0 )

Thor  ium-  23  2 ( rh -  232)

WL

Uran ium (U )

A  rad ioac t i ve  i so tope  o f  s t r on t i um '
wn i ch  i s  an  e l emen t  chem ica l l y  s im i l a r
t o  ca l c i um.  S t ron t i um-90  i s  f o rmeo  as  a
f i s s i on  p roduc t  i n  nuc lea r  r eac to r s  and
f i s s i on  exp los i ons .  I t  has  a  ha l f - l i f e
o f  28 .1  yea rs  and  decaYs  bY  be ta
em iss ion  t o  y t t r i um-90  (Y -90 ) ,  wh i ch
a l so  decays  (ha l f - I i f e  o f  64  hou rs )  by
be ta  em iss i on .  Because  S r -90  t ends  t o
depos i t  i n  bone  t i s sue ,  i t  i s  a
s i gn i f i can t  haza rd  t o  exPosed
popu la t i ons .

A  rad ioac t i ve  e l emen t ,  f ound  i n  na lg re -
Tho r i um-232  (ha1 f - l i f e  o f  1 .4  x  I 010
yea rs )  i s  t he  p recu rso r  o f  a  cha in  o f
i ad ioac t i ve  e l emen ts ,  each  decay ing  w i t h
i t s  cha rac te r i s t i c  ha l f - l i f e  t o  t he
nex t ,  un t i l  t he  cha in  ends  a t  s t ab le
Pb-208 .  Tho r ium-230  i s  a  member  o f  t ' he
u ran ium decay  cha in  and  i s  t he  immed ia te
p recu rso r  t o  Rad ium-226 .

Work ing  l eve l .  A  un i t  o f  r adon  daugh te r
exposu re ,  equa l  t o  any  comb ina t i on  o f
sho r t - I i ved  radon  daugh te rs  i n  I  I i t e r
o f  a i r  t ha t  w i l l  r es r ; I t  i n  t he  u l t imace
emiss ion  o f  I . 3  x  10 )  MeV  o f  po ten t i a l
a l pha  ene rgy .  Th i s  l eve I  i s  equ i va len t
to  the  ene rgy  p roduced  in  the  decay  o f
t he  daugh te r  p roduc t s  RaA ,  RaB ,  RaC,  and
RaC '  t ha t  a re  P resen t  unde r  equ i l i b r i um
cond i t i ons  l n  a  l i t e r  o f  a i r  con ta i n i ng
tOO pC i  o f  Rn -226 .  I t  does  no t  i nc l ude
decay  o f  RaD (22  yea t  ha l f - L i f e )  and
subsequen t  daugh te r  P roduc t s .

A  rad ioac t i ve  e l emen t  f ound  i n  na tu re .
Na tu ra l  u ran ium me ta l  cons i s t s  o f  99 .272
U-238 '  0 .72 *  l J -235 ,  and  t r ace  amoun ts  o f
t J -234 .  Bo th  v -238  and  U-235  a re
p recu rso rs  f o r  r ad ioac t i ve  degay  cha ins ,
cons i s t i ng  o f  a  se r i es  o f  r ad ioac t i ve
e lemen ts  end ing  f o r  v ' 238  w i t h  Pb -206 ,
and  f o r  V -235  w i t h  Pb -207 .  The  U -238
decay  cha in  i nc l udes  Th -230 ,  Ra -226 ,  and
Rn-222  w i th in  the  cha in  and  i s  t hus  a
s ign i f i can t  f ac to r  i n  r ad ia t i on
p ro tec t i on .

Work ing  l eve l  mon th .  One  WLt ' l  i s  equa l
to  the  exPosure  rece i ved  f rom 170  wL
hou r  s .
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